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Foreward

When we were planning to carry out a research study on the decarbonization of cement industry, we were

not really sure if it was a good idea most people in our organization, Policy Research Institute for Equitable
Development (PRIED) were on the view that cement industry is hard-to-abate sector of the economy to
decarbonize. The reason given were obvious, finally the technology is used in this industry traditionally on high
heat energy sources such as natural gas and coal and shifting it to low heat energy sources such as biomass,
crop residue is not an economically feasible option. Wind and solar, too, are not deemed feasible because of
their intermittent nature. They are not available all the time and at all the places. Secondly, the cement industry
does not seen to have any compulsion itself because it's exports do not go to countries and regions which are
conscious of carbon emissions and are finalizing it so carbon taxation. Lastly, the cement industry is slow to

be owned, mostly if not certainly, by some of Pakistan's largest and also most influential, businesses group as
well as the military own businesses entities. So, the argument went, being able to convince these businesses to
share infrastructure about their work, let alone decarbonize it, would be impossible.

Some of us however persisted in the face of such argument and called for going ahead with a research study.
The most important point raised in this connection was the rather large carbon footprint of the cement industry.
Pakistan cannot achieve the commitment it has made under the Paris Agreement to reduce carbon emission if
one of the largest industry and largest emitters of carbon does not contribute to this reduction.

They somehow managed to convince others and that is how the work on the study could start.
| am happy to report here that this indeed was a right decision.

Most importantly it show to us that the cement industry is neither secretive about its operation nor its adamant
on containing with high carbon emitting fuels provided the availability and viability of other fuels once our
research team was able to established its sincerity of purpose and intellectual integrity representative of the
industry fully cooperated with them in assessing and analyzing their production process. It was also great

to know that same cement plant were already experimenting with alternative fuels and that too without any
compulsions from their customers.

These encouraging but admitted small initiatives do not mean that all is well with the cement industry. Far from
it, it remains one of the largest consumers of fossil fuels that one deemed to be among the highest sources of
carbon in the atmosphere. They also insist to carry on with the old practices as long as strong economic and
scientific case is not made for their energy transition.

That is exactly what this study does. | will not go into its details and let it speak for itself. But suffices it to say
that it is worth all the money and efforts spent on it and it also illuminates a scientific pathway for decreasing
the carbon footprint of the cement industry in Pakistan.

| therefore, sincerely hope that the industry and the government benefits from its findings and
recommendations.

Otherwise, it might not be possible for Pakistan to fulfill the Paris Agreement commitment to contribute to
limiting global warming to 1.5°C by 2050.

Muhammad Badar Alam
Chief Exective Officer (CEO)
Policy Research Institute for Equitable Development (PRIED)
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Executive Summary

Cement production is integral to Pakistan’s economic growth, contributing substantially to GDP and
employment. However, as a carbon-intensive industry representing 7-8% of national emissions, cement also
carries a heavy environmental footprint. This report analyses Pakistan’s in-depth cement sector dynamics

and lays a strategic roadmap for its decarbonization journey. The report examines critical facets shaping the
industry, including plant locations, production and dispatch patterns, the predominant use of imported coal

as fuel, and the link between infrastructure spending and cement demand. A significant portion of Pakistan’s
energy consumed is met through coal imports. Detailed calculations reveal the scale of direct and indirect CO,
emissions from raw material calcination, fuel combustion, and electricity use. Additionally, the report extensively
maps out available technologies and alternate fuels that can facilitate a transition to low-carbon cement
production in Pakistan. The options explored range from boosting energy efficiency, waste heat recovery,
alternate cement and raw materials, and biomass fuels to carbon capture mechanisms. A pivotal analysis
involves the development of marginal abatement cost curves to identify cost-effective interventions. Utilizing
agricultural residues such as rice husk, wheat straw, corn stover, and rice paddy as alternate fuels emerges as
an economically viable option in Pakistan’s agricultural context. Substantive emission reductions are feasible
at low cost when combined with clinker substitution and energy efficiency measures. The report proposes

a multi-pronged strategic framework encompassing policy, technology, capacity building, and financing for
decarbonizing the industry. While challenges like entrenched coal dependency and limited investment exist,
strategic efforts spanning stakeholder coordination, international collaboration, and flexible policy incentives
can enable Pakistan’s cement industry to transform green. In conclusion, this report offers an extensive analysis
of Pakistan’s cement landscape and provides a detailed roadmap for allowing the industry to reduce its carbon
footprint substantially. By transitioning to sustainable practices, Pakistan can drive its cement sector to be
globally competitive while spearheading climate change mitigation as a responsible global partner.
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Chapter 1. Current State of Cement Industry

Cement is indispensable for modern infrastructure but accounts for 7% of global
emissions, necessitating urgent decarbonization.

Global cement production has surged over 50% since 2010, with China’s
explosive growth. But emissions impacts underscore sustainability imperative.

As a top industrial emitter, cement is critical in emissions reduction policies like
the EU’s carbon border adjustment mechanism, which poses complex dynamics.

Though significant for Pakistan’s economy, cement lags in per capita
consumption versus regional peers, signaling growth potential.

Cement production capacity expansions were previously aligned with
infrastructure investments, but the slowdown presents challenges.

Unlike global norms, Pakistan’s plants rely heavily on imported coal, risking
exposure to price and forex volatility.

Cement output closely correlates with public infrastructure spending, but recent
cuts impacted production.

With cement vital for construction, Pakistan must balance industrial growth and
emissions reduction via cleaner technologies.

Urgent adoption of energy efficiency, alternate fuels, and innovative practices
can curb emissions amidst economic development.

A nuanced roadmap that considers costs, resources, and growth needs is
essential for reducing cement emissions at scale.

Chapter 2. CO, Direct and Indirect Emissions

Cement production involves energy-intensive processes that result in high CO,
emissions, necessitating decarbonization across the supply chain.

Scope 1 emissions from calcination and fuel combustion dominate cement’s
carbon footprint, increasing 687% from 1990 levels in Pakistan.

Indirect scope two emissions from electricity consumption have also risen
markedly, reflecting the energy-intensive nature of cement production.

Though more minor, scope three emissions from transportation/logistics still
contribute to cement’s overall emissions profile.

Total emissions are projected to continue rising under business as usual,
underscoring the urgent need for interventions to curb cement’s carbon footprint.

Sustainable practices, including alternative fuels, energy efficiency, clinker
substitution, and renewable power procurement, can help the cement industry
achieve its net zero emissions goal.

|14



Historical emissions growth provides vital context, while future projections
indicate consequences of unrestrained industrial expansion absent
decarbonization efforts.

Pakistan’s cement industry must act decisively to adopt clean technologies
and transform practices to address escalating emissions amidst economic
development.

Chapter 3. Available Tech-Solutions and
Alternatives

Multiple technologies like alternative fuels, electrification, alternative cement,
and CCUS offer pathways to decarbonize cement production.

Switching to waste, biomass, and low-carbon fuels can significantly reduce
emissions from cement kilns.

Cement kiln electrification aligned with clean power procurement is promising
but requires technical advancements.

Innovative clinker substitutes like calcined clays, limestone, and slag can lower
process emissions and clinker factor.

Novel cement chemistries like CSA, calcium sulfoaluminates, and MOMS show
potential but necessitate performance validation.

Grinding, chemical activation, and thermal treatment can enhance the reactivity
of supplementary materials for cement formulations.

Despite the promise, most technologies remain in a demonstration or early
adoption phase, necessitating investments and policy support.

CCUS is vital to mitigate process emissions, but deployment is limited presently
due to economic and technical barriers.

Pakistan’s cement sector must urgently adopt clean technologies alongside
efficiency improvements for substantial emissions reduction.

A nuanced roadmap that factors in economic viability and implementation
challenges is critical to technology adoption at scale in a local context.

Pursuing a portfolio of solutions tailored to local resources and conditions can
enable cement emissions reductions aligned with a net zero pathway.

Chapter 4. MAC Curves ldentifiers

Marginal abatement cost curves (MACCs) graphically illustrate the relationship
between the cost of reducing emissions and the number of emissions reduced
by ranking different technological control options from least to most expensive
per ton of CO, reduced.

[ 15



Negative marginal abatement costs signify cost savings and emission reduction
for the control option, whereas favorable costs indicate emissions reduction,
incurring a net expense.

Among production technologies, significant CO, emission reductions with
negative marginal abatement costs can be achieved by converting to Precalciner
kilns and using alternate raw materials. Blended cements reduce emissions
substantially but with a nominal favorable marginal cost.

For alternate fuels, rice paddy, rice husk, and wheat straw mixed with various
coals offer the most significant CO, emission reduction potential with negative
marginal costs. Abatement potential should be balanced with practical
implementation challenges for a feasible clean technology roadmap.

Chapter 5. Case Study: Sustainable Solution for
Cement Production in Pakistan

The reliance of Pakistan on imported coal for cement production stems from the
lower quality of local coal.

To diminish this dependence, utilizing alternate fuels, a blend of locally available
biomass and imported coal, in kilns presents a viable solution.

Given the sizeable agricultural output, cost-saving and emission reduction
potential residues like rice husk, corn Stover, wheat straw, and rice paddies
offer viable biofuel options. The utilization of these residues aligns with circular
economy principles.

Rabi (wheat) and Kharif (rice, corn) crops can provide a year-round supply of
alternate fuel, with Punjab and Sindh’s agriculture base proving sufficient to meet
the biomass requirements of cement plants.

Rice paddy is an excellent option as the current practice of open burning in fields
causes environmental pollution, which can be tackled by controlled burning in
cement kilns.

Locally produced Agro waste presents a promising opportunity for import
substitution, cost savings, supply security, and emissions reduction.

Chapter: 6. Way Forward

Industry government collaboration through structured dialogues can enable more
tailored and effective emissions reduction policies.

Bridging the industry-academia gap by strengthening partnerships can enhance
innovation and ensure research addresses industry needs.

Widespread installation of indigenously developed CO, capture technologies like
NUST’s CO, Arrestors can tackle emissions directly.

|16



Subsidies and low interest rates can encourage investments in green
technologies and can ease the transition to renewables for industries.

Prioritizing high-reduction, low-cost solutions identified through MACCs ensures
cost-effective emissions reduction.

Installing and upgrading waste heat recovery systems offers substantial energy
efficiency gains and emission cuts.

Transitioning towards alternate fuels (biowaste) can significantly reduce reliance
on fossil fuels and associated emissions.

Enhanced carbon taxation with incentives for cleaner practices can discourage
high emissions.

Tailored green financing and investment schemes, especially for SMEs, can
facilitate sustainable transition.

Mandating national emissions standards with compliance timelines promotes
environmental responsibility.

Public-private partnerships allow the pooling of expertise and resources for
sustainability initiatives.
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Introduction

Human-induced global warming surpassed the 1°C mark in 2017 compared to pre-industrialization levels and
continues to escalate at a rate between 0.1 and 0.3 °C per decade[1]. Numerous nations are committing to
achieving net-zero emissions by 2050 or earlier, aiming to curtail the escalation of global temperatures to 1.5 °C
above pre-industrial levels. Failing to address climate change will result in global temperature surges exceeding
3-4 °C by 2100. This scenario would lead to recurrent droughts, floods, and storms, impacting small and large
businesses and incurring substantial annual costs on the global economy [2]. Concrete, often described as a
synthetic rock, primarily comprises sand, gravel, water, and cement, serving as the foundational material for
construction and playing a pivotal role in the rapidly industrializing and urbanizing world. Its versatile application
spans various domains, including power systems, water and wastewater infrastructure, buildings ranging

from single-story dwellings to towering high-rise structures, and transportation infrastructure. Cement, a vital
constituent in concrete and mortar, forms the backbone of these widely used construction materials within the
built environment[3]. More than 150 countries all over the world produce cement. However, cement production
is energy-intensive and accounts for approximately 7% of global carbon dioxide emissions, significantly
contributing to climate change. Scientists and governments have called for increasingly stringent greenhouse
gas (GHG) emissions targets as climate change’s consequences become more apparent. Thus, decarbonizing
the cement sector supply chain is crucial to achieving global climate goals [2].

ANTHROPOGENIC EMISSIONS - CEMENT
INDUSTRY

H Cement

W Other

Figure 1: Global anthropogenic emissions from the cement industry.
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Global Cement Industry

Cement Industry and Its Impact

The primary sectors contributing to carbon emissions encompass industry, power generation, buildings, and
transportation, exerting a substantial influence on carbon emissions affecting our environment [4]. The power
generation sector is the most prominent contributor to carbon emissions, with the industrial sector being

the second major contributor [5]. Specific industries within the industrial sector, such as cement, steel, and
chemicals, play significant roles in generating carbon emissions [4]. Cement and concrete, fundamental building
materials, constitute modern society’s infrastructure. Their widespread use in construction can be attributed
to their abundant availability, ease of use, resilience, and versatility, making them the preferred choice for
builders worldwide. Moreover, nowadays, there is a two-faceted demand for infrastructure development [6]

to rehabilitate deteriorating infrastructure and [7] to construct new infrastructure in response to evolving
urbanization trends. This dual dynamic mirrors the ever-evolving landscape of global urban development [6].
There has been a noticeable surge in the production of common infrastructure materials to meet the increased
demands, with cement being a prominent example. This rise has kept pace with population growth and
outstripped the production of all other infrastructure materials [5], [7], [8], [9].

Cement production has risen remarkably, from 1.5 billion tonnes in 1998 to 4.5 billion tonnes in 2023. A defining
feature of recent cement production history is the explosive growth experienced in China. In 1999, China
accounted for 36% of the world’s cement production, but this share had skyrocketed by 2019 to an impressive
55%, equating to a staggering 2.3 billion tonnes of global cement production. See Figure 2. In contrast, the
European Union’s (EU) share of global cement production has declined, from 10% in 1999 to a reduced 5% in
2019. It is noteworthy that the impact of the COVID crisis and the geopolitical tensions on Europe’s eastern
borders over the past two years, while still in the early stages of comprehensive assessment, is anticipated

to have negligible effects on global cement production. Global cement production is expected to resume its
growth trajectory based on the figures observed in 2019 [10].
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Figure 2: Global cement production for the period of 1998 — 2020 [103]
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The significance of cement in shaping modern industrialized society cannot be overstated. It is one of the
cornerstone materials for construction and development, with its production scale measured in billions of
tonnes. However, it's imperative to acknowledge that these materials come with an environmental cost.

In 2019, it was estimated that CO, emissions throughout their entire life cycle, encompassing production,
transportation, usage, and eventual demolition, accounted for approximately 10% of global energy-related CO,
emissions. These energy-related emissions encapsulate fuel combustion, power consumption, and carbonate
decomposition, highlighting the pressing need for sustainable innovations in the construction industry to
mitigate their environmental impact [11].

Approximately one-quarter of global greenhouse gas (GHG) emissions can be directly attributed to the
production of materials [12]. The cement industry holds a critical position in the global carbon emissions
landscape, and a substantial portion of these emissions is attributed to the top 10 cement-producing countries
[13]. China, the leading global cement producer and consumer, has observed a remarkable upsurge in cement
production and the ensuing emissions. Between 1990 and 2015, there was a significant rise in CO,, SO,

and NOx emissions from China’s cement industry. Intriguingly, CO, PM2.5, and PM10 emissions declined[14].
Cement accounts for approximately 10% of the overall volume of global concrete production. This underscores
the considerable environmental impact of cement production within the broader context of greenhouse gas
emissions [15].

Global Policy Context

In the global context of climate policy, the European Union (EU) has introduced a comprehensive framework to
achieve climate neutrality. This policy impacts various sectors, including energy-intensive industries such as
cement production. The EU’s efforts align with global ambitions to combat climate change and include targets
for significant emissions reductions, a legislative framework to support sustainable practices, strategies to
accelerate the green transition of industries, and research and development initiatives to promote low-carbon
technologies. Furthermore, the EU’'s commitment to the EU Emissions Trading System (ETS) underscores its
dedication to carbon pricing and emissions reduction in line with broader international discussions on carbon
pricing. The policies enacted by the EU contribute to the global effort to mitigate climate change and transition
to a more sustainable and environmentally responsible global economy.

The EU’s Carbon Border Adjustment Mechanism (CBAM)

A Carbon Tariff, or a Carbon Border Adjustment Mechanism (CBAM), is a financial measure levied on imports
based on their carbon emissions during production. Its primary aim is to discourage carbon emissions and level
the playing field between countries with strict climate regulations and those without, thus promoting global
decarbonization efforts. Carbon tariffs deter carbon emissions by imposing a duty on carbon-intensive imports,
influencing production and exports. These tariffs are seen as a tool to ensure fair trade and competitiveness
between countries with stringent climate policies and those with lax or no such regulations.[15], [16], [17]
Carbon tariffs might be proposed or advocated by industrialized countries towards imports from developing
countries, triggering international debates on their fairness and implications [18] The EU’s proposed CBAM
would initially apply to specific sectors, including cement, iron and steel, aluminum, fertilizers, and electricity.
CBAM was introduced with a probationary period starting October 1, 2023 requiring importers to collect and
report emissions data for these products. The enforcement phase begins in 2026, with full coverage and higher
costs expected by 2034. This could generate over US$80 billion annually for the EU[19].
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The CBAM will operate similarly to the EU’s current Emissions Trading System (ETS), utilizing certificates.
Importers will need the authorization to import carbon-intensive goods covered by the CBAM and trade CBAM
certificates to account for emissions, with allowances priced according to weekly auctions of EU ETS credits.
Importers will only pay the tariff if there isn't already a carbon price in the country of origin; otherwise, they’ll be
charged the price difference[19]. While aiming to extend decarbonization efforts beyond Europe and ensure fair
trade, the CBAM has sparked controversies regarding the need for more differentiation based on the country of
origin. Critics argue that underdeveloped nations might not be prepared for the exact requirements of traders
from leading markets, necessitating a careful analysis during the probationary period to understand and address
the implications[19].

The EU has been at the forefront of the CBAM introduction under its Green Deal, aiming to tackle climate
change, emissions, pollution, and biodiversity loss. This step signifies a substantial move towards global climate
regulation, setting a precedent that other regions might follow [19]. These aspects highlight the multifaceted
nature of carbon tariffs, encompassing economic, environmental, and geopolitical dimensions. Through
mechanisms like the CBAM, regions aim to balance economic competitiveness with the urgent need for global
carbon emissions reduction, albeit amidst international debates and operational challenges[19].

CBAM challenges and opportunities for Pakistan

Carbon pricing mechanisms, such as carbon taxes or emissions trading schemes, present challenges

and opportunities for Pakistan to address climate change impacts while fostering sustainable economic
development. Pakistan has witnessed a steady rise in greenhouse gas (GHG) emissions in recent decades.
Since 1990, the country’s GHG emissions have surged over 160% - a figure below the 175% average increase
among Middle East, North Africa, Afghanistan, and Pakistan (MENAP) nations but substantially exceeds the
global average of 50%. This stark contrast underscores the imperative for Pakistan to adopt effective carbon
mitigation strategies to curb its escalating emission levels. The preliminary analysis emphasizes the dual
potential of carbon pricing in Pakistan, highlighting its revenue generation capacity and emissions reduction.
Robust carbon tax implementation could yield an annual contribution to the nation’s GDP ranging from 1.2% to
2.7%, concurrently delivering environmental advantages. Insights from the World Bank suggest that adopting
such a carbon pricing strategy can curtail Pakistan’s emissions substantially, projecting a reduction of up to
one-third by the year 2050. Initial estimations propose that a $25 per ton carbon tax could generate over

1% of Pakistan’s GDP annually, earmarked for financing the country’s transition towards a greener economy.
Nevertheless, the success of this approach necessitates complementary measures, including targeted
assistance for groups disproportionately affected. More precise revenue projections are imperative to refine
policy formulation and gather broader support.

Introducing a carbon tax or trading scheme could play a pivotal role in realizing this ambitious emissions
reduction goal. Beyond serving as a deterrent or revenue source, carbon pricing can also catalyze private-
sector businesses to adopt more sustainable practices. By attaching a defined cost to carbon emissions, carbon
pricing may motivate companies to opt for renewable energy, improve energy efficiency [20], and invest in low-
carbon technologies that reduce their overall emissions footprint. While carbon pricing holds clear advantages,
Pakistan’s journey towards successful policy implementation faces some looming challenges. Past efforts in
2013 and 2017 to introduce carbon pricing mechanisms met bureaucratic resistance, hinting at potential hurdles
ahead.
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Moreover, Pakistan’s economic landscape presents unique complexities surrounding carbon pricing. The
economy'’s heavy reliance on imported fossil fuels, the power sector’s substantial carbon emissions, and the
nationally owned oil, gas, and transport sectors all demand additional considerations. A nuanced approach is
required to analyze global best practices while considering those grounded in Pakistan’s distinct socioeconomic
realities. Broad-based carbon taxes could prove more effective than narrow sectoral interventions. Establishing
robust monitoring, reporting, and verification systems will be essential to gauge any impact of carbon pricing
policies accurately. Additionally, forging partnerships with international entities can provide Pakistan with
critical financial and knowledge-based resources to support successful carbon pricing implementation. Pakistan
faces potential pressure from significant trading partners like the EU and UK to introduce carbon pricing, as
they consider border carbon adjustments on imports from countries without explicit carbon prices. However,
Pakistan needs more consensus on the competitiveness and leakage risks of unilaterally implementing carbon
pricing. While carbon border fees could incentivize Pakistan to adopt carbon taxes, they may also risk retaliation
due to the absence of careful policy design and dialogue.

In addition to domestic carbon taxes and trading schemes, Pakistan has opportunities to engage internationally
through carbon market collaboration. In January 2025, China is set to launch the world’s most extensive national
carbon emissions trading program. Carbon markets spur investment into emissions-reducing projects and
facilitate capital flows from developed to developing nations. However, many countries have struggled to realize
their full potential, often hindered by technical, fiduciary, and implementation barriers. With significant potential
for low-carbon development and climate change adaptation, Pakistan could derive substantial economic and
environmental benefits through cooperating with China’s carbon market. This collaboration could assist Pakistan
in meeting its GHG emission targets, developing into a seller of carbon credits, generating state revenue, and
creating positive co-benefits like improved public health and job creation [21]. Voluntary emissions reduction
programs like the Gold Standard offer Pakistan alternative routes to access private climate finance through
certified carbon credits. Moreover, with carbon markets and pricing set to gain increased prominence under

the Paris Agreement, Pakistan could develop innovative policies that address climate change while supporting
equitable and sustainable growth. While carbon pricing presents complex challenges, Pakistan can derive
considerable social, economic, and environmental gains through well-designed policies and partnerships. As
Pakistan endeavors to fulfill its climate commitments, valuable insights from domestic experiences and regional
collaborations can guide the development of effective global carbon pricing strategies. While the consideration
of carbon pricing remains active, Pakistan focuses more on immediate climate solutions and alternative policies,
with a moratorium on implementing a nationwide carbon tax [22]. Notably, initiatives such as the 10 Billion Tree
Tsunami Program, launched in 2019, aim to enhance carbon sequestration through large-scale reforestation
efforts significantly. Concurrently, Pakistan has taken measures to shift away from coal-based energy,
implementing a ban on new coal power plants and imports. The goal is to transition 60% of the country’s energy
production to renewable sources by 2030. Additionally, addressing urban air pollution, Pakistan has announced
plans to transition 30% of vehicles to electric cars and buses by the same year [23].

Given that the energy and agricultural sectors contribute substantially to emissions, Pakistan is strategically
prioritizing nature-based solutions, renewable energy initiatives, and the promotion of electric mobility. These
policies align with the country’s emissions reduction goals while concurrently exploring the viability of a national
carbon tax. This multifaceted approach reflects Pakistan’s commitment to advancing sustainable practices and
mitigating climate change on regional and global scales [21].
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Cement Industry in Pakistan

Cement Plant Dynamics in Pakistan

Pakistan boasts a robust cement industry, benefiting from ample domestic access to raw materials. The
nation stands among the world’s top ten cement exporters and ranks 14th largest cement producer globally.
Nonetheless, the per capita cement consumption, currently at 215 kg, lags that of many regional counterparts
and falls short of the global average of 550 kg [24].

The cement industry in Pakistan constitutes 5.3% of the nation’s Gross Domestic Product and represents a 7.5%
contribution to the primary sector of large-scale manufacturing [25]. Pakistan’s cement sector comprises 16
companies with 26 manufacturing facilities with a collective annual production capacity of 83.1 million tons [26].
The industry is demarcated into northern (Punjab, KPK, AJK, and Gilgit Baltistan) and southern zones (Sindh and
Baluchistan), as shown in Figure 3.

Both the North and South regions exhibit distinctive demand-supply patterns. In the Southern market,
industry participants can explore export opportunities in Nigeria, Tanzania, Mozambique, Iraq, Ethiopia, and
the Democratic Republic of Congo, expanding their revenue streams. Conversely, the northern zone accounts
for approximately 80% of production capacity and sales. The reliance on exports is relatively lower, and local
demand is robust in the North Zone. Export prospects for entities in the North Zone are primarily limited to
Afghanistan and India.
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Figure 3: Location of cement production plants of various companies in Pakistan
for both North and South Zones.

Table 1 below provides information regarding different cement companies, including their provinces and cities of
operation. The cement industry in Pakistan is oligopolistic, with the top four corporations controlling over 56% of
the market share. The remaining businesses hold only 44% of the market share, as shown in Figure 4.
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Table 1: Annual Production Capacity of the Cement Sector

ANNUAL

NAME OF INDUSTRY PROVINCE PRODUCTION
CAPACITY (TONES)

1 Attock Cement Pakistan Limited - Hub Baluchistan 3,027,150
Chowki, Lasbela

2 Bestway Cement Limited - Hattar KPK 3,654,000
3 Bestway Cement Limited - Chakwal Punjab 3,600,000
4 Bestway Cement Limited - Farooqia KPK 2,976,750
5 Bestway PakCem Limited - Kalar Kahar Punjab 2,299,500
6 Bestway Cement Limited - Pai Khel Punjab 2,268,000
7 Cherat Cement Company Limited-Nowshera KPK 4,536,000
8 Dangote Cement Limited - Jehlum Punjab 504,000

9 Dewan Hattar Cement Limited - Hattar KPK 1,134,000
10 Dewan Cement Limited - Dhabeji Sindh 1,953,000
1K D.G.Khan Cement Limited - D.G.Khan Punjab 2,110,500
12 D.G.Khan Cement Limited - Chakwal Punjab 2,110,500
13 D.G.Khan Cement Limited - Hub Baluchistan 2,835,000
14 Fauji Cement Limited - Wah Punjab 1,102,500
15 Fauji Cement Limited - Nizampur KPK 3,748,500
16 Fauji Cement Company Limited - Fateh Jang Punjab 3,503,640
17 Fecto Cement Limited - Sangjani Punjab 945,000

18 Flying Cement Limited - Lilla Punjab 1,197,000

19 GharibWal Cement Limited - Jehlum Punjab 2,110,500
20 Kohat Cement Company Limited - Kohat KPK 5,017,500
21 Lucky Cement Limited - Pezu KPK 9,645,000
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22 Lucky Cement Limited, - Indus Highway, Sindh 5,309,625

Karachi
23 Maple Leaf Cement Factory Limited - Punjab 8,190,000
Daudkhel
24 Pioneer Cement Limited - Khushab Punjab 5,454,225
25 Power Cement Limited - Nooriabad, Dadu Sindh 3,370,500
26 Thatta Cement Limited - Thatta Sindh 577,080

Company wise Production Capacity
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Figure 4: Company-wise production capacity of cement plants in Pakistan

Fuels Used in the Cement Industry

Many cement manufacturers rely on imported coal for their energy needs, making them vulnerable to
fluctuations in international coal prices and exchange rate variations. Cement manufacturers in the South
region benefit from lower transportation costs due to proximity to ports, reducing the cost of imported coal
from Indonesia and Australia. In contrast, businesses in the Northern Region have access to export markets in
Afghanistan and India, albeit at higher transportation costs [24]. Countries worldwide increasingly adopt waste
products and alternative materials to replace fossil fuels in cement manufacturing. Industrialized nations have
over two decades of successful experience in this field. Countries such as the Netherlands and Switzerland
have achieved notable substitution rates of 83% and 48%, respectively, making them global leaders in this
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practice. In the United States, it's common for cement plants to derive a significant portion of their energy
needs, ranging from 20% to 70%, from alternative fuels. According to the development of alternative fuels in the
U.S. cement industry - cement lime gypsum, the share of alternative and waste fuel usage in the US cement
industry increased from minor amounts to 16% of all fuel used in the cement industry in 2016. The same report
states that coal and coke, once the dominant share of fuels, have dropped from 74% to just over 57%, while
natural gas has increased from just over 7% to nearly 16% based on BTUs consumed. Waste fuel use increased
slightly from 5.5% to 6.8%, but alternative fuel use more than quadrupled. The use of other alternatives has also
increased significantly. In 1996, other alternative fuels were just under 5% of the total alternative and waste
fuel use heat consumption, but by 2016, that single category had increased by nearly a factor of 5. However, in
Pakistan, Cement plants have yet to embrace alternate fuels and still rely primarily on a mixture of foreign and
local coal for cement production.

In a strategic move to bolster the cement and construction industry, the Pakistani government has rolled

out a series of subsidies and incentives, marking a significant push toward infrastructure development. The
2021-22 federal budget saw an unprecedented allocation for the Public Sector Development Program (PSDP),
earmarking PKR 2,135 billion for development projects, a move expected to boost cement demand substantially.
Additionally, the National Highway Authority (NHA) allocated PKR 114 billion to enhance highways and roads,
indirectly promoting increased cement consumption.

A notable aspect of this governmental support is the emphasis on housing. The Naya Pakistan Housing
Authority received PKR 30 billion and a PKR 3 billion mark-up subsidy to invigorate the construction sector, a
direct boon for cement manufacturers. Furthermore, allocating funds for essential dam and hydropower projects
like Dasu, Diamir-Bhasha, Mohmand, and Neelum Jhelum is anticipated to escalate cement demand as these
projects progress significantly. In addition to direct funding, the government has introduced tax incentives and
waivers under the Prime Minister's Package for the Construction Sector. These fiscal measures are designed

to stimulate private sector investment in construction, thereby enhancing cement demand. However, despite
these initiatives, industry stakeholders, including the All-Pakistan Cement Manufacturers Association (APCMA),
continue to lobby for additional measures such as the abolition of the Federal Excise Duty (FED) and a reduction
in other taxes to control costs further and stimulate growth. Despite varying opinions on the effectiveness of
these measures, the consensus leans towards a positive impact on Pakistan’s cement sector.

These concerted efforts by the Pakistan government underscore a commitment to supporting the cement
and construction industry and laying the groundwork for sustained economic growth through infrastructure
development. Cement plants often receive payments to accept alternative fuels, and sometimes, these fuels
are acquired for free or at a considerably lower cost than coal's energy equivalent. Consequently, the lower
fuel costs can offset the expenses of installing new equipment for handling alternative fuels. Energy typically
accounts for 30-40% of the operating costs in cement manufacturing. Therefore, any opportunity to save on
these costs can provide a competitive advantage over cement plants using traditional fuels.
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Cement Production and Dispatch Trend
Analysis

Figure 5 provides a year-wise breakdown of production capacity and actual production (based on the amount
of cement dispatched) by cement plants in Pakistan from 1990 to 2023. It illustrates that the production
capacity has grown from 8.89 MMT (Million Metric Tons) in 1990 to 73 MMT in 2023. However, production

has been at a lower capacity during these years due to limited market demand. For example, the output in
1990 was 7.29 MMT, which increased to 57.43 MMT in 2021 but decreased to 44.58 MMT in 2023 due to a
decrease in demand. During the 1990s up to the year 2000, production experienced a modest 36% increase.
However, cement production has surged by 348% during the last decade. This remarkable growth can be
attributed to substantial investments in the infrastructure sector, with the nation channeling resources into
significant projects like highways, dams, and energy infrastructure. For a detailed year-wise breakdown of
annual production, please refer to Chapter 12. The cement Industry in Pakistan started exporting cement with a
meager 0.11 MMT in 2002, but the cement export increased to 14.28 MMT in 2021. However, with the onset of
COVID-19 and poor trade relations with India, the cement export was reduced to 4.56 MMT in 2023. During the
same period, the local cement demand in Pakistan decreased from 43.15 MMT in 2021 to 40.01 MMT in 2023
(refer to Figure 5).

In terms of Capacity Utilization, the ratio of total dispatches to the production capacity (Capacity Utilization=
(Total Dispatches)/ (Production Capacity)), the maximum utilization was achieved in 1993, amounting to 92.7%.
The current utilization in 2023 is 61%, showing a significant slowdown.

80.00
T0.00

60.00

40.00

3n.00 I'IIIII’
20.00 /
-
|~ -
10.00 I I - |
A
&'

50.00 ‘

0.00
& or &3 0}‘ 3}) (,;c: 4 % T V] £
e '\59 SR P 9 %@33 S '15’& oy m@b

o oY C:"* 2 o o 0? ot a"” b AR AP A N AP R P RS R A AN SR R Ay N, A e T A
I R N RN R U LU S L~ T S L SR L SR I SR S S G AR L S S K S S LK S

I Croduction Capacity (Mn. Tonnes) s ExpOIts (Mn. TOnnes) = Total Despatches [Mn. Tonnes) | cca Despatcnes

Figure 5: Year wise cement production capacity and dispatch comparison
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Public spending and cement production

According to the State Bank of Pakistan, over 50% of the industry’s players have undertaken capacity
expansions in the last three decades. The increase in production capacity can be observed in three waves of
expansion from 1195 to 2021 (Figure 6). In the first wave, the production capacity increased from 10 to 19 MMT
(1995- 2005). In the second wave, the production capacity was enhanced to 47 MMT (2005-2010), and in the
third wave, the production capacity increased from 48 to 72.8 MMT (2015-2021).
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Figure 6: Change in cement production capacity during the last three decades

Notably, the construction sector gained momentum through the extensive expansion of infrastructure initiatives
under the PSDP (Public Sector Development Programme), CPEC (China Pakistan Economic Corridor), and
heightened interest in private housing developments. The growing demand and favorable profit margins (from
2015 to 2021) motivated cement manufacturers to escalate their production capacities. PDSP is a government
initiative in Pakistan aimed at facilitating the financing and implementation of diverse economic development
programs. Among these are the development of infrastructure, education, health, energy, transportation, and
other crucial areas of national development. In the context of the cement industry, the subsectors of Power,
Water, Transport & Communication, and Physical Planning and Housing are the most significant because they
involve large construction projects, such as dams, roads, and water and power infrastructure, which increase
the demand for cement production and consumption.

Figure 7 provides a year-wise spending analysis of PSDP (Power, Water, Transport & Communication, and
Physical Planning and Housing) and annual cement production. From 2005 to 2008, infrastructure expenditures
increased from PKR 86.66 billion to PKR 193.4 billion, increasing yearly output from 16.36 million tons to 30.3
million tonnes. In addition, from FY 2011 to FY 2020, the total expenditure on infrastructure increased from PKR
111.7 billion to PKR 390 billion, resulting in an increase in annual cement production from 32.52 million to 57.43
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million tonnes.[25] PSDP spending has significantly decreased in the past few years because of the widening
fiscal deficit. As a result 2023, cement production declined to 44 million tonnes as PSDP spending dropped to
PKR 300 billion.

Aggregate spend on infrastructure vs Annual production of cement
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Figure 7: PSDP spending on infrastructure vs annual cement production.

Figure 8 shows the relationship between Infrastructure spending by PSDP (independent variable) and Cement
production as the dependent variable: an R2 value of 0.79 shows a high correlation between cement production
and PSDP infrastructure expenditures (details in Annex-C).
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Figure 9: End-to-end supply chain of cement production.

Globally, the concrete industry uses about 1.6 billion tons of Portland cement to produce 12 billion tons yearly.

It accounts for 7-8 percent of the country’s greenhouse emissions. In the future, to achieve green growth, the

industry will have to adapt to climate change challenges and rework business models to ensure environmental

stewardship and robust growth [23].

Decarbonizing the cement sector supply chain requires a multi-pronged approach that involves reducing

emissions throughout production, from raw materials extraction to product delivery. The end-to-end supply

chain of the cement industry is shown in Figure 9. It can be divided into four stages:

Raw material extraction: The materials required for cement production, such as limestone and clay, are mined

from quarries or open-pit mines. Furthermore, depending on location, cost, and availability, fuel for cement

industry kilns can vary between coal, petroleum coke, natural gas, and waste-derived fuels.

Manufacturing Process: The mined raw materials are crushed and ground into a fine powder. The powder is

mixed with other materials, such as iron ore and gypsum, to create a homogenous mixture. The mixture is then

preheated in a preheater tower to remove any moisture. The preheated mixture is fed into a kiln, which is a large

rotating furnace. The mixture is heated to high temperatures, causing chemical reactions that transform it into

a clinker. The hot clinker is then cooled and stored. The cooled clinker is ground into a fine powder and mixed
with gypsum and other additives to produce cement.

Distribution: The cement is packaged in bags or bulk containers and shipped to customers. The packaged

cement in bags is distributed to retailers, construction companies, and other customers through a network of
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transportation providers, including trucks, trains, and ships. It is important to note that transportation means/
machinery/infrastructure differs for bulk cement transport and cement in bags.

Customer Use: Finally, customers use cement in various construction projects, such as building homes, bridges,
and roads. Bulk cement is dominant in developed countries, and large-scale government projects and large
construction companies generally generate demand for it. Bagged cement is dominant in emerging markets and
is caused by Do-It-Yourself customers and small contractors.

There are opportunities to reduce CO, emissions in all cement manufacturing and distribution stages. This study
aims to study how to decarbonize the cement industry in Pakistan.

CO, Emissions from Cement Production

The cement production steps and various stages are depicted in Figure 10. Emissions from the cement industry
predominantly stem from two key sources: the calcination of limestone to produce clinker, which is the primary
component of Portland cement, and the energy-intensive processes used for clinker production and cement
milling. Mitigating these emissions in the cement and concrete sector involves several strategies, such as:

« Deploying Concretes with Better Performance: One approach to reducing emissions uses enhanced
performance characteristics. This means that less concrete is needed in construction, which, in turn,
can help lower overall emissions.

« Using Concrete with Alternative Compositions: Another strategy is to employ concrete with alternative
compositions. This can involve reducing the cement content in concrete, as the quantity used in various
applications may vary (ranging between 260 kg/m3 and 400 kg/m3, according to [24]. Click or tap here
to enter text. This variation in cement content can reduce emissions.

« Reducing Clinker Content in Cement: The clinker content in cement can be reduced, leading to
decreased clinker production. Clinker is a significant contributor to emissions, so reducing its use in
cement can substantially impact overall emissions.
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Figure 10: Schematic flow of the cement industry process and various stages [50].

Various stakeholders operate independently from extraction to demolition. However, alternative fuel and

raw material choices can curb environmental impact during clinker production. Integrating supplementary
cementitious materials (SCMs) and recycling construction waste at different value chain stages offers further
environmental benefits.
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Ipcc Scopes For Ghg Emissions Estimations

Calculating a company’s greenhouse gas (GHG) emissions is the basis for a corporate climate action strategy.
Understanding the different types of emissions, classified into scopes 1, 2, and 3, is a crucial step towards
achieving the net zero carbon target.

Scope 1- Direct Emissions

It refers to emissions from sources that an organization owns or controls directly. The two primary mechanisms
that release carbon dioxide as a byproduct are calcium carbonate’s calcination into calcium oxide and fuel
combustion during the thermal processes integral to clinker production. The degree of emissions intensity
exhibits considerable variation contingent upon the precise production process employed and the nature of the
fuel utilized. For instance, facilities employing biomass as their energy source tend to exhibit notably lower CO,
emissions, starkly contrasting the considerably higher emissions often associated with wet processes reliant on
shale oil as the primary fuel.

Calcination is a pivotal phase in cement production and is essential for clinker formation. The process involves
the conversion of calcium carbonate (CaCOs) into calcium oxide (CaO), releasing carbon dioxide (CO,) as a by-
product. The chemical reactions involved are fundamental:

CaCO; + heat » Ca0O + CO,

Additionally, the decomposition of magnesium carbonate (MgCO3) also contributes to CO2 emissions, although
to a lesser extent:

MgCOs; + heat > MgO + CO,

Understanding the CO, emissions associated with calcination is vital in the context of Pakistan’s industrial
decarbonization goals. Measurement of these emissions can be challenging due to the diversity of operational
scenarios across cement plants. Alternative approaches, such as estimating emissions based on the amount of
limestone used in production, play a crucial role in understanding and managing emissions from the calcination
process.

In 1990, Pakistan’s cement industry emitted 3.6 million tons of CO, from calcination. A disquieting trend emerges
as we stand at the midpoint between that historical benchmark and today. Current emissions from calcination
have surged to approximately 28.6 million tons, marking a 687% (within the baseline period of 1990 — 2020)
increase since 1990. This dramatic uptick is a stark reminder of the industry’s substantial carbon footprint and
underscores the pressing urgency to confront and mitigate these emissions.

On the other hand, fuel combustion is another significant contributor to Scope 1 emissions in Pakistan’s cement
industry. Bituminous coal is a primary energy source, with approximately 150 kilograms required to produce one
metric ton of cement. The combustion process generates heat in cement production but releases CO, directly
into the atmosphere. Traditional fossil fuels, including coal, petroleum coke, fuel oil, and natural gas, are utilized,
each contributing to direct CO, emissions through the kiln stack.

The industry should rely on alternative fuels (AFs) derived from waste materials and biomass/biowaste to
address these emissions. This transition includes using mixed fuels containing both fossil and biogenic carbon,
contributing to efforts to reduce emissions.
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In 1990, the Pakistan cement industry contributed around 2.7 million tons of CO, emissions from fuel
combustion. Today, the cement industry’s emissions from fuel combustion have surged to approximately

21 million tons (687% within the baseline period of 1990 - 2020). This stark contrast highlights a significant
increase, necessitating a heightened focus on emissions management and adopting more sustainable practices.

Understanding and managing Scope 1 emissions are pivotal for Pakistan’s cement industry, as they align with
broader industrial decarbonization goals. The industry’s commitment to reducing emissions from calcination and
fuel combustion processes is essential, mainly as it balances the need for economic growth with environmental
responsibility. Addressing these emissions directly from owned or controlled sources is a significant step toward
sustainable and environmentally conscious cement production in Pakistan.

Scope 2 - Indirect Emissions From Energy Uses

The cement industry in Pakistan faces substantial Scope 2 emissions primarily attributed to electricity
consumption. As of June 2022, Pakistan’s total installed power generation capacity was 43,775 MW, comprised
of 26,683 MW from thermal sources, predominantly oil, gas, and coal, and 10,635 MW from hydroelectric
sources. This highlights the importance of thermal power in Pakistan’s energy mix. Using international reference
data, a combined margin emissions factor of 0.61537 kg CO, per kWh is applied, although adapting this to
Pakistan’s unique energy landscape is imperative. Calculating Scope 2 emissions becomes vital for the cement
sector, aligned with the GHG Protocol Corporate Standard, enabling emissions reduction initiatives, low-
carbon energy procurement, and overall sustainability performance tracking. Methodologically consistent

with best practices, this carbon footprint assessment seeks to move the Pakistani cement industry towards
decarbonization, given the substantial electricity intensity of 130 kWh per ton of cement produced.

In 1990, the Pakistan cement industry was responsible for approximately 0.58 million tons of CO, emissions from
electricity. Presently, the industry’s emissions from power generation alone have climbed to around 4.59 million
tons, illustrating a marked increase (687 % within the baseline period of 1990 - 2020) and underscoring the
urgent need for the industry to address its carbon footprint and transition towards more sustainable practices,
consistent with global environmental goals.

Scope 3 - Indirect Supply Chain Emissions

Scope 3 refers to indirect greenhouse gas emissions due to business activity not directly owned or controlled
by a particular organization. In the context of the cement industry of Pakistan, the CO, emissions from
downstream activities, i.e., cement being transported from cement plants to distribution centers via trucks,

are considered (scope three emissions estimation). For Scope 3 emissions calculations, a survey involving
approximately 30 truck drivers was conducted to determine critical parameters. The survey revealed that 30
tons of 3-axle trucks are used chiefly for cement logistics, overloading by 10 tons, with an average mileage

of 2.9 km/liter for allowable loads and overloaded trucks mileage of 1.9 km/liter. After cement production, it is
typically transported by trucks to various distribution centers for local consumption (residential and commercial)
and exported through Port Qasim.

To estimate CO, emissions from cement logistics, we made certain assumptions based on this information. On
average, when exporting from the north zone (Punjab and KPK), a truck covers 1000 kilometers distance on
one side (we used travel distance from factory to port only as the practice is on the way back; identical trucks/
vehicles are being used for logistic of other goods). Meanwhile, when exporting from the south zone (Sindh),
the average distance traveled by truck is 100 kilometers. To meet local demand, the average travel distance
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for a truck is 250 kilometers. As per data from the fiscal year 2019-2020, reported by [22], the total cement
production was 47.82 million tons, with local dispatches of cement amounting to 39.97 million tons, whereas
exports dispatches of 7.85 million tons, of which 1.97 million tons of cement were exported from the north zone,
and 5.88 million tons were exported from the south zones. Based on research published in the Pakistan Journal
of Meteorology (Khan & Siddiqui, 2017), the CO, emissions factor per liter of diesel is equal to 2700 grams
approximately. Furthermore, the CO, emissions per kilometer for compliant and overloaded trucks are 931 grams
and 1,421.1 grams of CO,, respectively.

Table 2: Scope 3 emissions parameters

Local & Export dispatches of Cement (million tons)

Million Tons 2019-2020
Exports from the Exports from the Local Dispatches Total Production
North Zone South Zone
1.97 5.88 39.97 47.82

Avg. KM Traveled 1000 100 250

Using data given in Table 2, the following CO, emissions are calculated using a 3-axle truck highlighted in Table
3 below.

Table 3: CO, emissions comparisons of local dispatches vs exports

Truck Truck Allowed Allowed
u
. Capacity . No trips No trips capcity CO, capcity CO2

Dispatches Capacity L L

(Allowed allowed Overload emissions emissions

(Overload)

Load) (tons) (tons)
Local 29.5 39.5 1,354,915.00 1,011,899.00 315,366.60 359,490.40
Export north 29.5 39.5 66,793.00 49,883.00 62,186.30 70,886.40
South export 29.5 39.5 199,210.00 148,777.00 18,547.00 21142.00

The graph presents a detailed examination of the Pakistani cement industry’s emission patterns over six
decades, starting from 1990 and extending to forecasted values till 2050. Derived from cement dispatch metrics
and computed using IPCC-endorsed methodologies, the graph reveals several insights about CO, emissions
from the cement sector of Pakistan for various estimated for all scopes:

« CO, Emissions from Calcination (Scope 1): This traces the carbon dioxide released during the cement’s
calcination phase, where limestone undergoes thermal decomposition.

« CO, Emissions from Fuel Combustion (Scope 1): This category highlights the emissions originating from
the combustion of fuels integral to the cement production process. Direct emissions from sources that
the industry owns or controls have shown a marked increase in production growth.
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« Emissions from Electricity Consumption (Scope 2): Representing the carbon footprint of the industry’s
electricity consumption, this category has grown significantly, reflecting the energy-intensive nature of
cement production.

« Transport Emissions (Scope 3): This data illustrates the emissions from the distribution of cement
products across Pakistan and underscores the environmental impact of the logistics involved.

The graph depicts a pronounced growth in emissions from 1990 through the mid-2010s, correlating with the
expansion of the cement industry. Notably, the forecasted data post-2020 paints a concerning picture: if the
industry continues this trajectory without significant intervention, total emissions could reach alarming levels by
2050.

However, it is imperative to note that a pressing global mandate exists for industries, including the cement
sector, to achieve net-zero emissions by 2040. This underscores the urgency for the Pakistani cement industry
to make drastic changes in its operational procedures.

This report has meticulously assessed the emissions landscape spanning from 1990 to 2050, with a particular
emphasis on the pivotal reference period of 1990 to 2020, which we have defined as the baseline for our
analysis. During this foundational three-decade timeframe, we diligently calculated an increase in emissions, a
687% surge, symbolic of the historical industrial landscape, technological advances, and socioeconomic growth.
This baseline serves as a crucial contextual benchmark against which all subsequent emissions projections are
evaluated, providing invaluable insight into the cumulative environmental impact of industrial activities over the
years.

Beyond this historical context, our report also encompasses a forward-looking perspective by projecting
emissions for discrete periods—specifically, 2021-2030, 2031-2040, and 2041-2050. Based on the baseline
increase, these projections indicate an emissions growth trajectory in the forthcoming decades. In 2030, a
projected increase of 172% indicates an intensified environmental impact due to industrial expansion, while in
2040, the projection escalates to 240%, reflecting the consequences of unabated growth trends. Furthermore,
the year 2050 culminates in a projected 308% increase in emissions, underscoring the urgency of adopting
transformative practices to address the cumulative impact of industrial expansion.

Table 4: Emissions Analysis and Projections (1990-2050)

Emissions (million

Emissions Increase (%) Comments
tonne)

1990-2020 2492 687 Increase emissions
within the baseline
period (1990-2020)

1990-2020 11.74 - Average baseline
emissions
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2021-2030 31.86 171.5 Projected emissions
increase concerning

2031-2040 39.89 239.95 average. Baseline
period emissions (1990-

2041-2050 47.92 308.38
2020)

This tabulated representation summarizes the emissions analysis, providing a visual reference that complements
the detailed discussion within the report. It is integral to facilitating the comprehension of emissions trends over
the specified timeframes. Table 4 elucidates the baseline and projected emissions increases, thus providing
stakeholders with an accessible and comprehensive overview of historical and anticipated environmental
impacts due to industrial growth. This analytical framework empowers decision-makers to align strategies and
initiatives with an awareness of the long-term implications of industrial expansion, promoting informed and
strategic decision-making in pursuing a sustainable future.

This analysis signifies that the industry’s current direction necessitates immediate attention. Sustainable
practices are no longer optional but essential. By exploring alternative fuels, investing in energy-efficient
technology, and optimizing transportation methods, the cement industry can curb its escalating emissions and
work towards the crucial goal of net-zero emissions by 2040, ensuring a harmonious balance between growth
and environmental stewardship.

Evolution and Projection of CO, Emissions from Cement Sector of Pakistan
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Figure 11: Baseline and projected emissions of the cement sector in Pakistan.
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Design and Effective Capacity

A Strategic Approach

The cement industry in Pakistan is actively exploring various strategies to reduce its CO, emissions. Ongoing
adjustments in production processes and a transition from conventional fossil fuels to low-CO, energy sources
have already begun to facilitate a reduction in CO, emissions. When combined with Carbon Capture, Utilization,
and Storage (CCUS) technologies, even more substantial emissions reductions become feasible.

Key emissions reduction strategies available worldwide and being considered in Pakistan include:

« Innovative Cement Formulations: Developing novel cement formulations incorporating reduced clinker
guantities or alternative materials to minimize the carbonates’ calcination process.

« CO, Capturing & Utilization (CCU): Capturing and utilizing CO, emissions from cement production to
manufacture basic chemicals, synthetic fuels, and cement carbonation. This can occur during curing or
at the end of a cement product’s life cycle.

« Carbon-Negative Cement: Recognizing the urgency of addressing climate issues and the challenges of
achieving full decarbonization, carbon-negative cement is being explored as a valuable contribution to
emissions reduction.

Efforts to decarbonize the cement industry must prioritize emission sources from largest to smallest. Figure 12.
indicates the potential of multiple control measures to reduce CO, emissions during various steps of cement
production. In the context of Pakistan, the most significant emissions sources include:

« Process Emissions from calcium carbonate calcination: These can be addressed by implementing CCUS
technologies or mitigated by adopting alternative cement compositions emphasizing circularity.

o Process Emissions from Thermal Processes: These result from the combustion of fuels in kilns and can
be managed by transitioning to kiln electrification or improving fuel efficiency.

« Indirect Emissions from electricity consumption: a transition to a decarbonized electricity system is
essential to address these.

Efficiency improvements

In Pakistan’s cement industry, it is crucial to consider efficiency improvements to address the high energy
demand and emissions associated with cement production. As per the European Cement Research Academy
(ECRA), the theoretical minimum thermal energy demand for cement clinker production is estimated to range
between 1.59 and 1.84 GJ/t clinker. However, the corresponding figures for Pakistan and the global average

in 2019 stand at 3.81 and 4.2 GJ/t clinker [20]. This notable disparity signifies an opportunity to significantly
reduce fuel consumption and emissions within the Pakistani cement industry. A noteworthy projection for the
global average, provided by ECRA and the World Business Council for Sustainable Development (WBCSD)/
Cement Sustainability Initiative (CSI) [25], suggests that the global average energy consumption for cement
production could be enhanced to 3.15-3.215 GJ/t clinker by the year 2050. In contrast, the best-case scenario
for 2019 already demonstrated a remarkable 23% reduction in energy consumption, with figures as low as 2.7
GJ/t clinker [101]. This reduction highlights the potential for substantial energy efficiency improvements. Reports
from the International Energy Agency (IEA) and WBCSD/CSI [26] indicate the possibility of achieving efficiency
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improvements of 10-11% globally by 2050. However, it is essential to note that these improvements may

exhibit regional disparities due to various factors, including differences in technology adoption and operational
practices. These enhancements are particularly significant since thermal processes occur within kilns, which are
substantial combustion facilities. The scope for further improvements is inherently constrained by factors such
as thermal losses, implementing CO, capture and storage measures, co-generation options, underutilization

of plant capacity [102], and ongoing efforts to adopt the best available techniques. These considerations are
pivotal in pursuing sustainable and efficient cement production in Pakistan.

Cement Industry Decarbonization Potential

= Energy Efficiency Energy Efficiency
= Alternative Fuels 3% Alternative Fuels
12%

= Clinker Factor Reduction

= Emerging Technologies

Emerging
Technologies
48%

Clinker Factor
Reduction
37%

Figure 12: Decarbonization potential in cement Industry.

Total capacity utilization, denoting a utilization rate of 100%, signifies that cement producers are operating
at their maximum potential output based on fully utilized production capacity. In contrast, overcapacity
characterizes a market scenario where not all potential products can be effectively sold, reducing production
by operating facilities at lower utilization rates. Research from Global Cement [27] underscores the strong
connection between high utilization rates and improved profitability and sustainability.

Economic performance in the cement industry is significantly influenced by the utilization rate of existing
production capacities, as emphasized by the European Commission in 2018. A healthy level of profitability

is achievable with a kiln utilization rate of 75% or higher, according to the International Finance Corporation
(IFC) [27]. It is worth noting that maximum energy efficiency is attained when operating at maximum design
continuous loads [26], while operating at half capacity is considered energy-inefficient [28]. Given that the
industry operated at a 70% utilization rate between 2015 and 2020, the pandemic and economic slowdown
are expected to exacerbate overcapacity [29]. Nevertheless, this overcapacity presents an opportunity to
phase out the least efficient cement plants, aligning with recommendations from Chatham House [30] and the
International Energy Agency (IEA) [31]. Various measures are being investigated and implemented to enhance
the cement industry’s thermal efficiency. These include the modernization of processes and kilns [26], [32],
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[33], as well as the adoption of waste heat recovery systems [27], [34], [26]. Valuable insights can also be
drawn from the lime sector, which, in addition to these approaches, focuses on efficient insulation lining to
minimize shell heat losses, improved process and input control, and proactive maintenance practices [35].
These measures are pivotal for achieving enhanced thermal efficiency within the cement industry and aligning
with global sustainability and emissions reduction objectives.

The most advanced technology for clinker production involves the utilization of dry-process kilns equipped

with multistage preheating and pre-calcination. In such installations, waste heat is harnessed to preheat

and pre-calcine the raw material feed before it enters the kiln, resulting in a substantial reduction in energy
consumption, with potential energy savings of up to 10% [26]. This ongoing evolution towards more thermally
efficient processes, characterized by dry kilns with pre-heaters and pre-calciners, emphasizes the effective use
of waste or excess heat [26], thus necessitating the retrofitting of several plants in Pakistan. It is worth noting
that this approach challenges the economic viability of further waste heat utilization or other processes reliant
on waste heat [25]. Waste heat can be put to “integrated use,” such as in drying fuel required for the cement
plant [25] or external applications, including heating and power generation.

Waste heat from cement plants has been effectively employed for heating purposes at various locations across
Pakistan, including Bestway Cement Mianwali, Bestway Cement Hattar, Bestway Cement Chakwal, Bestway
Cement Faroogia, Bestway Cement Kallar Khar, Lucky Cement, Fecto Cement, Karachi Plant, Attock Cement,
D.G. Cement D.G. Khan Plant, and D.G. Cement Khairpur Plant.

Waste Heat Recovery (WHR) is an approach that utilizes a portion of the medium-temperature waste heat
(ranging from 200-400°C) from kiln flue gases to generate electricity. While it does not directly reduce a
cement plant’s electricity consumption, it effectively converts excess heat that would otherwise be wasted into
electricity for on-site use or export to the grid [34]. Various technologies and systems can be applied in WHR,
including heat pumps, steam cycles, Organic Rankine Cycle (ORC), Kalina cycle, or supercritical CO, systems
[36], [37], [271, [25], [38], [39]. Beyond on-site utilization, waste heat can also find applications in Carbon
Capture, Utilization, and Storage (CCUS) [25], providing heat to other industries and contributing to district
heating initiatives [35].

From an economic perspective, WHR in the cement industry requires significant capital investment. However,

it is characterized by relatively low operational costs [40]. Regarding energy efficiency, a steam cycle reduces
the range of 8 to 22 kWh/t clinker. In contrast, ORC and Kalina cycle systems exhibit a minor reduction, ranging
from 10 to 20 kWh/t clinker. Installation costs for these technologies typically range between EUR 15 to 25
million, which are expected to remain relatively constant between 2015 and 2050. All three technologies are
projected to reduce cement prices, with expected decreases of 0.5 to 1.4 EUR/t in 2015, increasing to 0.7 to 1.9
EUR/t in 2050 [25]. However, these costs may vary depending on factors such as the specific technology used,
the size of the installation, and its location. The cost range for electricity generation capacity varies from USD
7,000/kW for 2 MW systems (ORC) to USD 2,000/kW for 25 MW systems (steam) [41]. In the case of ORC, which
has broader applications beyond cement, costs are estimated at around USD 1,500/kW [42], with levelized
electricity costs ranging from EUR 21 MWh to EUR 45 MWh [43].

In addition to optimizing thermal efficiency and using production facilities efficiently, improving electric
efficiency is another avenue for reducing CO, emissions. Electricity is a significant requirement for various
processes, including grinding raw materials, cement, additives, and kilns’ operation and ancillaries.
Approximately 13% of cement production’s global final energy consumption is attributed to electricity [26].
Grinding operations, responsible for up to 70% of the electric energy demand in clinker and cement production,
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present a significant opportunity for efficiency improvements [25]. While the wet process is gradually phased
out, various technologies and approaches for handling dry materials are available [44]. These include the use
of grinding aids [25] and separate grinding of materials for high-blend cement [45]. However, it is essential to
consider the electricity consumption associated with specific decarbonization options, such as CCUS or kiln
electrification, as it may affect the overall energy intensity [91].

Electrification for Emissions Reduction

In Pakistan, a significant portion of emissions from process industries can be attributed to using fossil fuels for
heating purposes. Shifting towards electric kilns powered by GHG emission-free electricity can curtail emissions
in the cement and lime sector by approximately one-third [92]. Electric kilns are presumed to be the most
energy-efficient option, boasting a specific energy intensity of 2.68 GJ/t clinker, surpassing the efficiency of
the most advanced dry kilns [93]. This transition reduces emissions and enhances exhaust quality compared to
fossil fuel combustion, potentially facilitating carbon capture efforts [94].

Various technologies are under exploration for achieving high temperatures based on electricity, including
plasma, electrical flow heaters, microwave heating, resistive electrical heating, and induction heating [95],[96],
[97]. However, it's important to note that these technologies are still in the developmental phase and require
further investigation [98], [46]. The transition to electric kilns will occur in stages, with research programs
focusing on foundational aspects [99], complemented by public investments in research and development [100].
This gradual approach will enable the cement industry in Pakistan to embrace electrification while addressing
technical challenges and advancing sustainable practices.

Moreover, in the quest for more energy-efficient technologies, additional options are available to reduce
electricity consumption and emissions in the cement industry. Various options that can be opted for effective
CO, emission reductions are described in Figure 13. These technologies have the potential to reduce electricity
consumption by up to 130 KWH, thus lessening the load on the grid and contributing to emission reduction
effort
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Figure 13: Options available for energy-efficient technologies to improve CO, reduction measures.
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Grinding

Classification
Systems

Emission
Reduction

Calculated
from energy
savings

Calculated
from energy
savings

Calculated
from energy
savings

Table 5: Energy Efficiency Improvements

Energy
Savings

2.5-2.9kWh/
ton cement

1.0-15 kWh/
ton cement

1.7-2.3 kWh/
ton cement,
but could be
as high as

6 kWh/ton
cement

Capital Costs

$3.43-%$4.1/
ton cement
capacity

$2.5-33/
ton cement
capacity

$2/annual ton

cement

Operating
Costs

$0.17/ton
cement

Reduction
of $0.15/ton
cement

$0.045/ton
cement

. . Demonstrated
Applicability Other factors

in Practice?

New and

Existing

Facilities with = Yes
LD, PH, PH/

PC kilns

New and

Existing

Facilities with  Yes
LD, PH, PH/

PC kilns

May increase
production by
up to 5%

Existing

May increase
and New

Yes production by
up to 25%

Facilities. All
kilns.
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Fuel
Preparation

Process
Control and
Optimization

Kiln Efficiency
Improvements

Ball Mills
Optimization

Motor
and Drive
Efficiency

Calculated
from energy
savings

7-331b CO,/
ton cement
and 1.3 1b
CO,/ton
cement from
electricity
usage
reduction

Calculated
from energy
savings

Calculated
from energy
savings

Calculated
from energy
savings

7-10 kWh/ton
coal

2.5-5% or
42-167 MJ/
ton cement
and electricity
savings of

1 kWh/ton
cement

0.000017 - 11
MMBtu/ton
cement

1.7-25 kWh/
ton cement

3-25 kWh/ton
cement

The cost of
a roller mill is
higher than
that of an
impact or
tube mill

$0.3/annual
ton cement
capacity

$0.8-96/
annual ton
cement
capacity

$2-7.3/annual
ton cement
capacity; or

$2.3-7.3/
annual ton
cement
capacity; or

Reduction of New and

as much as
20-50%

NA

Fuel savings
may be
offset by
the cost of
fluxes and
mineralizers

This may
reduce by
10-40%, but
the vertical
roller

mill may
increase
costs by
$0.17/ton of
cement.

May reduce
by 30-40%

Existing
Facilities

New and
Existing
Facilities. All
Kilns.

New and
Existing
Facilities. All
Kilns.

Existing

and New
Facilities. All
kilns.

Existing

and New
Facilities. All
Kilns.

Yes

Yes

Yes

Yes

Yes

Kiln output
increases
by 10%,
production
boosts by
3%, and kiln
capacity
increases by
up to 50%.

May increase
production by
up to 25%

Capital and
operating cost
savings are
highly site-
specific
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5-50%

. Existing
Fan and Calculated depending Depends on
. " $0.46/ton . and New
Lighting from energy  on specific the plant’s - Yes
o . cement Facilities. All
Efficiency savings changes needs Kilns
made ’
Existing
Compressed  Calculated Dependson  Depends on and Ne
w
Air System from energy  Up to 20% the plant’s the plant’s - Yes
L ) Facilities. All
Optimization  savings needs needs Kilns

In augmenting electrical efficiency within the cement industry, an array of cutting-edge technologies is pivotal
in curtailing the electricity demand for producing each ton of cement.Commencing with the conversion of raw
meal blending silos into gravity-type homogenizing systems, progressing through refinements in raw material
blending, and culminating in the substitution of traditional ball mills with high-efficiency roller mills and vertical
roller mills, these methodologies collectively engender a substantive reduction in energy consumption (see
Table 5).

The articulated numerical ranges offer a granular understanding of the potential impact each technology can
exert. These advancements underscore a concerted endeavor to enhance energy efficiency and ensure a
sustainable and resource-conscious trajectory within the landscape of cement manufacturing.

Utilization of Alternative Fuels

The cement industry, known for its significant energy consumption, is responsible for emitting approximately
40% of its total emissions because of fuel consumption. These emissions encompass scope one emissions
stemming from thermal processes (precisely, fuel combustion at high temperatures) and two emissions
associated with generating electricity used in cement production. While the transition toward decarbonization
of the power system is underway, approaches are available to tackle emissions resulting from thermal
processes [90].

As depicted in Table 6 below, the industry has various options for diversifying its fuel mix in thermal processes.
Notably, using waste and biomass as alternative fuels has gained prominence and is being actively integrated
into cement production. In addition to these options, industries are exploring the potential of solar heating,
hydrogen integration, and electrification as alternative avenues for reducing emissions and enhancing
sustainability.
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Table 6: Alternative Fuels for the Cement Industry

AGRICULTURAL BIOMASS RESIDUES

Fuel Substitution rate (%) ACO, (ton/ton coal replaced)
Rice Husks 35 -2.5
Wheat Straw 20 -2.5
Corn Stover 20 -2.5
Sugarcane Leaves 20 -2.5
Sugarcane Bagasse 20 -2.5
Rapeseed Stems 20 -2.5
Hazelnut Shells 20 -2.5

NON-AGRICULTURAL BIOMASS

Dewatered sewage sludge 20 -2.5
Dried sewage sludge 20 -2.5
Paper sludge 20 -2.5
Paper 20 -2.5
Sawdust 20 -2.5
Waste wood 20 -2.5
Animal waste (bone, meal, fat) 20 -2.5

PETROLEUM-BASED WASTES

Tires <20 -0.8
Polyethylene unavailable -1.0
Polypropylene unavailable -1.0
Polystyrene unavailable -0.9
Waste oils unavailable -0.5
Petroleum coke up to 100 0.2

Miscellaneous wastes

Automobile shredder residue (ASR) 2 0.05
Carpet residue polypropylene nylon unavailable -0.54,-015
Textiles 30 0.0

Landfill gas unavailable -1.0
Municipal solid waste (MSW) up to 30 -0.4

The strategic incorporation of these alternative fuel sources is essential for the cement industry’s emissions
reduction and sustainability journey. The industry can significantly mitigate its environmental impact by
diversifying fuel sources and reducing reliance on conventional, high-emission fuels.

The distinction between biomass and waste fuels can sometimes be intricate. For instance, items like diapers
are classified as biomass, while impregnated sawdust is categorized as waste. Nevertheless, cement kilns
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can burn up to 100% of waste or biomass fuels. Several plants worldwide have already embraced or are in

the process of upgrading to operate under such conditions. Notable examples include Allmendingen (DE) and
Retznei (AT) [85], where these practices are already in operation, and Mannersdorf (AT) [86] and Otterbein
(DE) [871, which are undergoing upgrades to achieve fossil-free operation. Other cement plants, such as
Montalieu-Vercieu [88] and Mergelstetten [89] actively explore the feasibility of operating without consuming
fossil fuels. Notably, successful trials have been conducted, including the use of hydrogen in the fossil-

free fuel mix. Adopting these innovative fuel sources is closely tied to their availability and cost. The cost

of biomass can fluctuate significantly, ranging from over USD 20 per gigajoule (GJ) for oil crops to USD 1-2/
GJ for agricultural residues. It is worth mentioning that municipal waste combustion can even yield financial
benefits [82]. However, using municipal waste necessitates addressing the challenge and associated costs of
managing chlorine, a requirement already addressed at several cement plants worldwide [83], [84]. Integrating
these diverse fuel sources underscores the cement industry’s commitment to sustainable and environmentally
responsible practices while being influenced by cost considerations and the potential for revenue generation.

Emphasis on Biomass Waste Streams

In biomass utilization, the primary focus is on harnessing waste streams rather than on conventional biofuels.
This approach is driven by both economic and environmental considerations [25]. Sustainable biomass
resources are expected to range from 539 to 915 million dry tonnes by 2050. This substantial biomass potential
could have a profound impact, with the capacity to power 1,212 to 2,061 cement industries like Pakistan’s (which
consumed approximately 85.5 million tons of oil equivalent in 2019). Of relevance to Pakistan, the controlled
combustion of rice husk yields a material akin to pozzolana, which holds a significant interest in the cement
production process [30].

Co-processing of Waste and By-products in Cement Plants

The practice of co-processing waste and industrial by-products within cement plants serves to maximize their
potential. This involves extracting the energy content and utilizing the remaining residues as raw materials [72].
Waste can encompass various categories, including refuse-derived fuel (RDF), municipal solid waste (MSW),
commercial and industrial waste (C& W), construction and demolition waste (CDW), and solid recovered fuel
(SRF) [73]. Waste containing biological material can be further classified as renewable [74].

In middle- and low-income countries, the incorporation of waste processing in cement plants offers an
environmentally responsible alternative to the frequent practice of landfilling, contributing to emissions
reduction without the need for significant investments in waste-to-energy plants [75]. The utilization of
alternative fuels in cement production is positioned to potentially replace 30% of fossil fuels in developing
regions and up to 70% in developed regions by 2050 [25], with an emphasis on fostering collaboration between
the cement and waste treatment industries at the local level [76] [77].

Waste management is of growing concern in Pakistan due to the substantial volume generated. Households in
Pakistan produced approximately 49.6 million tons of solid waste in 2021. This significant waste generation is an
important aspect to consider within the context of co-processing waste and industrial by-products in cement
plants, as it represents a potential resource for fuel and raw material substitution. Co-processing practices

can play a role in addressing the challenges posed by such extensive waste generation, contributing to both
environmental sustainability and resource efficiency. .
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Bottom ash, although typically associated with coal production [78], is also a by-product of waste-to-energy
plants. These ashes are rich in minerals, comprising about 80 to 85% mineral content, making them suitable as
substitutes for cement [79]. Ongoing research explores the development of new cement formulations based on
processed incineration ash from Municipal Waste Incinerators [80]. Pilot projects have shown promise, treating
90,000 tonnes of bottom ash from 450,000 tonnes of municipal waste, yielding 30,000 tonnes of raw material
for clinker production [81] Beyond substituting fossil fuels, mineral ashes contained in waste can replace

up to 5% of primary raw materials in clinker production. This conserves primary raw materials for cement
manufacturing and reduces the need for landfill minerals [71]. The organic content in these waste materials
provides thermal energy, while the non-organic content contributes valuable minerals. The share of non-organic
content can be as high as 45% in the case of wastewater sludge, 25% for tires, and 13% for municipal waste
[70].

However, substituting fossil fuels with waste materials comes with specific requirements. The quality of waste
must meet the suitability criteria for co-processing in cement plants, and waste with high moisture, chlorine
content, or a high percentage of heavy metals may not be acceptable [69]. Chlorine deposition can deteriorate
the stable operation of the kiln, while trace elements may impact clinker quality and environmental performance.
Hence, waste materials often undergo pre-treatment, including drying, shredding, or gasification, to enhance
their combustion characteristics. An overview of pre-treatment technologies is provided by the International
Finance Corporation (IFC) [68].

Exploring Alternative Cement and Materials

While Portland cement is the reference standard, developing alternative cement compositions is well underway.
Several driving factors include the availability of alternative raw materials, specific application needs, and

the imperative to reduce the carbon intensity of Portland cement. The latter is achieved by minimizing the
carbonate content in the raw meal, which contributes to process emissions, and by lowering the thermal
process’s temperature, which impacts fuel combustion emissions. A crucial consideration in developing
alternative cement is ensuring their mechanical properties remain uncompromised. The setting and hardening
processes play pivotal roles in identifying suitable low-carbon cement.

Hydraulic cements solidify through chemical reactions between cement and water, resulting in hydrates that
are insoluble in water. During this process, over 70 different crystals form in the cement hardening process
[66]. In contrast, non-hydraulic cements harden through carbonation reactions involving CO, [67]. This
approach effectively reverses the calcination of carbonates by mineralizing CO, and is, therefore, of interest

in CO, capture and decarbonization efforts. Carbonation also influences Portland clinker and the products of
its hydration, such as calcium hydroxide and calcium silicate hydrate [65]. In addition, pozzolanic materials

do not independently solidify when mixed with water. However, they react at average ambient temperatures
when finely ground and in the presence of water, forming strength-developing calcium silicate and calcium
aluminate compounds through interactions with dissolved calcium hydroxide (Ca(OH),) [47]. Regardless of the
approach, these reactions should result in physical and chemically stable concretes throughout their intended
lifetime and various operating conditions. This entails the formation of hydrates and carbonates with low water
solubility and high thermal stability to protect the set concrete from water damage, chemical decomposition,
or strains resulting from environmental changes. To ensure the quality of the product, these aspects must also
be considered during the curing process, which guarantees the physical and chemical stability of the concrete
structures as they harden.
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For these hydration and carbonation reactions, the right constituents (mineral phases) must be mixed under the
correct conditions (stoichiometry, including reactant ratios with water and CO,, temperatures, etc.), allowing the
reactions to progress.

Common Cements:

« Defined in six classes (CEM | to CEM VI) by standard EN 197.

« Contain Portland clinker, which hardens through four main phases: alite, belite, tricalcium aluminate, and
tetracalcium aluminoferrite.

« Silicate phases (alite and belite) hydrate in calcium silicate hydrate (C-S-H) and calcium oxide (CH).

« Aluminate phases (tricalcium aluminate and tetra calcium aluminoferrite) hydrate in ettringite using
sulfate from gypsum.

Calcium Aluminous Cement (Cac):

o Defined by standard EN 14647.
« Mainly composed of monocalcium aluminate and other mineralogical compounds.

« Hydraulic hardening is due to the hydration of monocalcium aluminate.

Supersulfated Cement:

« Defined by standard EN 15743.
« The main constituent is granulated blast furnace slag (GBFS).

« Hardens through the activation of GBFS by calcium sulfate or Portland cement.

Alternative Cement Chemistries:

« Reactive Belite Cement: This is like Portland cement but with different proportions of phases. It is
produced at lower temperatures to reduce emissions.

« Calcium Sulfoaluminate Cement (CSA): Common in China, with varying compositions containing
ye'elimite and other minor phases.

+ Belite-Ye'elimite-Ferrite Cement (BYF or BCSA): Contains ye'elimite, belite, and tetracalcium
aluminoferrite.

o Carbonate Calcium Silicate Cement (CCSC): Contains wollastonite, calcium aluminate, and rankinite,
which can carbonate into calcium carbonate.

« Magnesium Oxides Derived from Magnesium Silicates (MOMS) Cement: Magnesium oxysulfate forms

a magnesium carbonate phase after carbonation.

These alternative cement chemistries provide potential pathways for reducing CO, emissions in the cement
industry. Table 7 summarizes the phases and their principal hardening processes for reference.
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Phases name

and notation

Table 7: Overview of cement hardening phases [2]

Chemical
composition

Cement

Reaction

Product

elite; C3S

belite; C2S

tricalcium
aluminate; C3A

tetracalcium
aluminoferrite;
C4AF

monocalcium
aluminate; CA

Granulated blast
furnace slag

ye'elimite calcium
sulfoaluminate;
C4A3$

calciumsilicatehydrate
(C-S-H)

calcium hydroxide;
CH

calcium silicate or
wollastonite; CS

rankinite; C3S2

magnesium
oxysulfate

3Ca0:-Sio,

2Ca0-Si0,

3Ca0-Al20;

4Ca0-Al203-Fe20;

CaO-Al20,

calcium oxide (Ca0),
magnesium oxide (MgO),
silicon dioxide (SiO,),
aluminum oxide (Al203) +
other compounds.

or 4Ca0-3Al,0; SO4

3Ca0 2Si0, 4H,0

Ca(OH),

Ca0-Sio,

3Ca0-2Si0,

3Mg(OH)2-MgS04-8H20

OPC

OPC

OPC

OPC

CA

SSC

CSA

Hydrated

Hydrated

CCSsC

CCSC

MOMS

Hydration

Hydration

Hydration with
sulfate

Hydration with

sulfate

Hydration

Hydration
with sulfate
or Portland
cement

Hydration

Hydration with

sulfate

Carbonation

Carbonation

Carbonation

Carbonation

Carbonation

calcium silicate hydrate (CSH)

calcium silicate hydrate (CSH)

ettringite (CeA$3H32)

ettringite (CsA$3Has,)

tricalcium aluminate hexahydrate (CsAHs)

calcium (C-S-H) silicate hydrate

calcium aluminate mono sulfate (C,A$H,)

ettringite (CsA$3sHs»)

calcium carbonate (CaCOs)

calcium carbonate (CaCOs;)

calcium carbonate (CaCO,)

calcium carbonate (CaCOs)

magnesium carbonate (MgCO3)
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Substitute materials for Portland clinker and their activation methods are vital for reducing energy-related
and embodied CO, emissions in cement production. These materials, known as supplementary cementitious
materials, include:

« Granulated Blast Furnace Slag: It consists of at least two-thirds calcium oxide (CaO), magnesium oxide
(MgO), and silicon dioxide (SiO,).

o Pozzolanas: Primarily composed of silicon dioxide (SiO,) and aluminum oxide (Al20s), with additional
iron oxide (Fe203) and other oxides. Silica fume and fly ash are examples of pozzolanic materials.

« Silica Fume: Fine spherical particles containing at least 85% amorphous silicon dioxide (SiO,).

« Fly Ash: Mainly composed of silicon dioxide (SiO,) and aluminum oxide (Al203), with some iron oxide
(Fe20;) and other compounds. Fly ash can be classified as siliceous (CaO < 10% by mass) or calcareous
(Ca0 > 10% by mass), depending on its reactive calcium oxide content. Calcareous fly ash also exhibits
hydraulic properties.

« Burnt Shale: Contains clinker phases, mainly dicalcium silicate (belite) and monocalcium aluminate
(CA), along with small amounts of free calcium oxide (CaO) and calcium sulfate (CS). It also contains
a significant proportion of pozzolanically reacting oxides, particularly silicon dioxide (SiO,), giving it
hydraulic and pozzolanic properties.

« Limestone: It mainly consists of calcium carbonate, which, when finely ground, offers beneficial
properties for cement and concrete.

Most of these materials result from calcium, aluminum, and silicon oxide combinations. Figure 14 illustrates
various raw materials that provide the necessary chemical mix for cement phases. It's important to note that
using raw materials not explicitly mentioned in existing standards is technically feasible.
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CBA = coal bottom ash
CL = clay
CS = copper slag
FG = flat glass
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GGBS = ground granulated
blast furnace slag

HL = hydraulic lime
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PC = Portland clinker
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Figure 14: Raw materials (left) and cement phases (right) in the calcium oxide, aluminum oxide and silicon oxide
system. [48], [63], [64]

Enhancing material reactivity to facilitate specific reactions such as hydration and carbonation is crucial.
Reactivity can be boosted for hydration [25] and carbonation [62] through a combination of activation
approaches, as outlined in Table 8. Comminution and chemical activation are the most commonly employed
methods for conventional cement production. These strategies are fundamental in optimizing the reactivity of
materials and are central to developing alternative cement formulations with enhanced performance.
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Method

Chem. additives

Addition of surface-
active substances

Grinding of binder by a

mill

Ligquid-phase mechanic
activation

Magnetic activation of
mixing water

Hydro dynamic activation

High-voltage electrical
discharge treatment

Electro physical
activation

Microwave (dielectric)
heating

Thermal activation

Ultrasonic treatment

Table 8: Review of activation methods [61]

Technological features

Modification of formulations

Formation of additional crystallization
centers and stimulation of growth of
neoplasms of secondary generation

Different types of mills—ball, vibratory,
vario-planetary, etc.

The mechanical effect produced by
rotary-pulsating apparatus

Cycle magnetic water treatment

Synergistically used are the physical
and chemical processes occurring in
the water flow: aeration, cavitation

(cold boiling), collapsing, coagulation

The imposition of a constant field

of high intensity on a water-cement
system leads to phenomena of water
electrolysis and electrophoresis, i.e.,
the motion of charged particles in an
electric field.

Electromagnetic action (sometimes
followed by steaming)

The absorption by the material of the
energy of the electromagnetic fields
of the high-frequency or microwave
range and the conversion of this
energy to thermal

Heating with subsequent cooling
according to various schemes

Ultrasonic treatment causes the
effect of cavitation, grinding of solid
particles, and micro-cracks in crystals.

Advantages

Wide range of modified
formulations

Compaction of cement
stone structure

Simplicity

Hydration occurs more
fully, and the mobility
of the concrete mix
increases

Energy efficiency

Transfer of dissolved
substances in water into
insoluble substances and
their removal

Significant change in
the ion composition of
the suspension and the
appearance in the water
of polarized groups

Improvement elastic

strength of concrete

High speed of
technological process

A relatively simple and
effective way

Intensification of cement
hydration processes

Disadvantages

High price

Limited range of
applications

High energy costs

A small amount of the
mixture is charged per
cycle

Expensive equipment

Relatively low efficiency

Technological complexity

High costs

Expensive equipment

High costs

High energy costs
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Thermo acoustic The cement paste is pre-treated in an  Strength increases 1.5 Complexity of processing
activation aerohydrodynamic activator, stirred times

with aggregates, and heated before

being laid at 60-65°C.

Carbon Capture, Utilization & Storage (CCUS) for Emission
Reduction

In pursuing a low-carbon society, it is imperative to accelerate the development and implementation of options
for reducing CO, emissions, among other measures [26]. CCUS is recognized as a promising solution to mitigate
CO, emissions from cement production. The International Energy Agency (IEA) emphasizes the integration of
emerging and innovative technologies, including carbon capture, as a pivotal means of achieving significant
cumulative reductions in CO, emissions. This reduction is projected to reach 48% by 2050 under the 2 Degrees
Celsius (2DS) scenarios compared to the Reference Technology Scenario (RTS). A substantial portion of these
reductions by 2050 will be attributed to technologies like clean gases, carbon capture, and storage, as well as
carbon removal methods, including CCUS technologies and CO, storage in materials [European Commission,
2020c ]. However, specific data related to the cement sector is currently unavailable. The approach of
capturing, utilizing, and storing emissions, instead of addressing them individually at their sources, offers a
potentially more convenient and cost-effective means of preventing CO, release into the atmosphere. This
makes a compelling case for CO, capture and storage. Several critical steps are involved in successfully averting
CO, emissions: CO, must be captured at the source, in this context, a cement plant, and then transported to a
facility for further handling, either for storage or for transformation and utilization.

Carbon Capture Technologies

While CO, capture is technically feasible, widespread implementation is yet to materialize effectively in the
fight against climate change. Many approaches and technologies are under development for this purpose

[60]. Notably, the cement industry experiences high CO, concentrations in exhaust gases, primarily due to
emissions from the calcination of limestone, surpassing those of the power generation sector. This underscores
the relevance of carbon capture in this industry. CO, capture methods primarily rely on separation processes.
Oxyfuel combustion and indirect heating for limestone calcination also yield exhaust gases with elevated

CO, content, rendering them suitable for further processing. Enhancing CO, concentration in exhaust gas
involves replacing air with pure oxygen in the kiln, which improves combustion and eliminates nitrogen, thereby
increasing the CO, content in the exhaust gas.

Pure oxygen can be procured through various means, although significant quantities are required for this
method [59]. This approach, called oxyfuel or oxy-combustion, demonstrates promise in enhancing CO, capture
capabilities within the cement industry. Some technologies are shown below in Figure 15.
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Reduction | application
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cement

1000-1400 Ib CO2/ton cement,
but increased electricity usage
could generate 110-150 CO2/ton

cement
Made with <3 Whimsical

Figure 15: CCUS Technologies options and their potential to mitigate CO,.
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Understanding MAC curves

Marginal Abatement Cost Curves (MACCs) are powerful analytical tools in environmental economics designed
to help policymakers and businesses make informed decisions about reducing greenhouse gas emissions while
optimizing economic efficiency. These curves graphically represent the cost-effectiveness of various emission
reduction measures, providing valuable insights into how to tackle climate change. At their core, MACCs
illustrate the relationship between the cost of reducing emissions and the quantity of emissions reduced. Not all
emissions reductions come at the same price, and by identifying the lowest-cost options, MACCs help allocate
resources more efficiently. By ranking emission reduction strategies from least expensive to most expensive,
decision-makers can prioritize actions that offer the most significant environmental benefit for the least cost.

MACCs also highlight the abatement potential, the maximum amount of emissions that can be reduced at a
given cost. This information is crucial for setting emission reduction targets and designing effective climate
policies. Businesses can use MACCs to identify cost-effective ways to reduce their carbon footprint. At

the same time, governments can set carbon pricing mechanisms and regulations that encourage emission
reductions while minimizing economic disruption.

Key features of MAC curves include:

« Descending Curves: MAC curves generally slope downward from left to right, indicating that the first
emissions reductions are often less expensive, while subsequent reductions become progressively more
costly.

» Abatement Potential: They show the maximum emissions that can be reduced at different cost levels.
This information is crucial for setting emission reduction targets.

« Cost-Effectiveness: Decision-makers can use MAC curves to prioritize strategies that offer the most
significant emissions reductions for the least cost, thereby maximizing cost-effectiveness.

« MACCs help ensure that efforts to combat climate change or reduce pollution are economically efficient
and aligned with environmental goals.

Methodology
The Marginal Abatement Cost Curves (MACCs) can be calculated using the following formula:

- Marginal Abatement Cost ($/tCO,e)= (Net Present Value ($))/(Total CO_2 emissions abated over the
life of the project )

+ Where, Net Present Value (NPV)= (Total project costs- Total project savings)/((1 + discount
rate)”(project lifetime) )

Net Present Value (NPV), adjusted for the time value of money, measures a project’s overall worth. When
project expenses exceed savings, the NPV is negative, indicating a net cost. Conversely, when savings surpass
expenses, the NPV is positive, signaling a return on investment. To determine the Marginal Abatement Cost, we
multiply the NPV by -1. A negative Marginal Abatement Cost denotes economically feasible initiatives that yield
cost savings. A favorable Marginal Abatement Cost implies a negative NPV and represents an actual cost per
tonne of CO.,e abated. Notably, a negative Marginal Abatement Cost ($/t CO.e) signifies emissions reduction
and financial benefits, while a positive ($/t CO,e) indicates emissions reduction without financial gains.
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Table 9 outlines current initiatives for decarbonizing the cement sector. The first 16 entries cover globally
adopted technologies, while entries 17 to 55 focus on alternative fuels in Pakistan for replacing coal in cement
production. These options are applied to the annual production of the XYZ (anonymous name) cement plant in
Pakistan. The following assumptions were used for these calculations:

« The cement factory will continue to produce 0.6 million metric tons of cement over 20 years.
A 10% discount rate is used for calculating NPV.

« CO, emission reductions are calculated by multiplying the emission reduction per ton for each option by
the annual production of 0.6 million tons.

« lunit of electricity (1 KWh) = PKR 34.8
« Exchange rate of 1 $ USD = PKR 286

» Projected horizon = 20 years

The results indicate that some options reduce emissions and result in cost savings. For example, ‘Use of

belt conveyors and bucket elevators instead of pneumatics’ reduces emissions by 0.00154 t CO,e per ton of
cement, saving 2.5 kWh/ton (equivalent to $0.12 per kWh) and incurring a capital cost of $3.43 per ton. This
leads to operating cost savings of $0.17 per ton. All these values are calculated based on an annual production
of 0.6 million metric tons of cement over 20 years, with NPV calculated at a 10% discount rate. The Emission
Reduction ($/tC0O,e) is derived by dividing the NPVs by the emission reductions for the 20 years. A harmful
Emission Reduction ($/tC0O.e) value indicates that ‘Use of belt conveyors and bucket elevators instead of
pneumatics’ reduces emissions and has a financial benefit. In contrast, a positive Emission Reduction ($/tCO.e)
value indicates emissions reduction without financial gain, making the option costly financially. For clarity
purposes, the data in Table 9 is separated into MACCs for Technology (Figure 16) and MACCs for Alternate
Fuels (Figure 17).

MACCs for technology

Figure 16 below showcases the marginal abatement costs for various technologies relevant to the cement
sector. Notably, ‘Decarbonated feedstocks (steel slag or fly ash)’ and ‘Conversion from the long dry kiln to
preheater/ pre-calciner kiln’ exhibit highly favorable marginal abatement costs at ($83.82) and ($82.35),
respectively. This indicates that these options can lead to cost savings of approximately $83.82 and $82.35 per
ton of CO, reduced, making them economically attractive due to their monetary benefits. Over 20 years, these
options reduced 2,380,602 tons and 2,423,885 tons of CO, emissions, surpassing most other options except for
‘blended cement!

Blended cement, while a more costly option with a marginal abatement cost of $0.53, delivers the highest CO,
emission reductions, amounting to 2,583,360 tons over 20 years. Although marginally expensive compared to
the two options discussed earlier, it provides superior CO, emission reductions. When contrasted with these
three options, the remaining options yield comparatively lower CO, emission reductions, making them less
favorable from a cost-effectiveness standpoint.

| 61



(L522)

(z8'e8)

(8C¢L)

[444

(88'L€)

€9'S

(se7z8)

(£T°€9)

GG0oLL

64°CEL

(€L6L)

(32003
/$) s1s0D
Juswaleqy
leuibiey

€6Y'LSL

G88'eTr'e

226'9¢

LOE'vY
zL9'vslL

0oo'ozl

z09'08€'c

069211

091'86

78€'

Lor'sL

(1ealk-og
[ @202%)
uononpay
uoissiw3g

zev'erlLL

025'8S1'e0¢

8¥7/'50L'C

(£9/'98l)

££9'G88'S

(951'€99)

859'¢r0'961

GG6'298

(LZ¥'L88'0L)

(€19'086)

8G2'79¢

000'009

000'0S¥

000'C0¥

000'002'L

000'088'¢

00z'02S

000'07L'y

000'008'L

000'008'6L

000'00G'L

000'850'C

(000'8Y)

(000'8Y)

(000'22)

(0oo0'zol)

00081

000'05L

000'coL

(0oo0'zL)

000'coL

9eL'L6Y'L

08/'c96'cT

GE0's9¢E

rLo'orl

809'LEl'L

(z62'91)

968'GeG'eT

765'G86

L60'6Y6

£00'€L

/15'z8lL

(80°0)

(80°0)

(50°0)

(£10)

800

GC0

JAN)

(¢00)

L0

G20

90

8V

£98°0

6/

€e

S'¢

eve

(1eak (1eak (LN N
/$) s1s0D

($) s1s00

jeude) /$) sbuines  [$) Buines

ABiau3z xadQ

[$) s1s0D

Bunesado xaded

Ansnpuj 1uswa) ajdwes 1o} SOOVIA :6 8l9eL

L6Y1G°0¢

¢S6£C°8¢CE

GGl

(€C0)

18/E°CCE

Gel

€l

S¢

LN/ UMM)
sbuines

ABisu3z

¢9¢l00

66L0¢°0

80€00°0

69€00°0

8€GL00

000100

88610

LECLO0

818000

¢90000

7GL000

(3200
1) uononpay
uoissiwg

sleys
|0 Snoaieole)

(yse A}} 10 Bejs
|931S) S3001spas)
pe1euoqiedsd

slojowl
Rousiolya-ybiH

sJalyIsselo
Rousiolyya-ybiH

s|jiw |jeq parotdw|

ABojouyoal
Buixiw iy

|y Jaurojeosald
/1e1e8yalid 0}
upiy Aip Buoj
W04} UOISISAUOD

uoleseusboo
— Jlamod 10}
K1onoo8l 1eaH

sijiw
13]|0J [BOI1IOA YlM
W [|eq 8oe|day

Buipus|q
[ElJ91EW MBI U
Syuswaroidw|

sonewnaud

10 peaisul
SJI0)BAS|D 1830NQ
pue SI0A8AU0D
1190 J0 8sN

ABojouyda)
|o1u0D

oL

| 62




(06°€8)

(9L09)

(rv'Ly)

0e8Yy

LLy

LooL

(0£S)

8€/6€

(7'v9)

(Sv'L6)

(S2°04)

(£2°29)

(r9°59)

€50

v0ce

(€6'9)

(015074

002'65¢

00v'z6

009'6%7C

008'29¢

000'8.€

002¢'Lve

00v'szL

009'LLL

009'GeY

000822

000'76¢

00z'zzlL

009'60¢

09€'e85'C

025'Cls

026'9¢€l

ozl'eoe

S69'9v/'LT

961'655'S

800'078'LL

(L6C'z69'CL)

(v¥76'082'1)

(6SL'YV/Y'T)

z10'zeL

(cv0'sye'vy)

90£'690'8¢

9r1'158'0¢

£02'66£'0C

LLE'126'L

100's22'/L

(£62'59¢€'L)

(¢s6'8Ly'9l)

716'8v6

(0£5'70€'L)

000'cey

000'008'0L

000'086'L

000'089'L

6SE'YSS'C

Gze'ora'l

769'SL2'C

(z61'SLE'T)

(zgz'eee)

(719'062)

786'G8

(ceL'66¢'8)

0L0'Z62'e

89L'6v¥'C

L90'EVY'T

Ser'oce

Zre'ee0'e

(000'9¢)

(000'099)

000'z9lL

000'99

(029'es)

z86'l8l

(c06'L2)

9C'y

€Ll

69°€¢

(96°¢)

(95°0)

(87°0)

710

(€g€l)

08§

80

L0V

GGl

LEE

(90°0)

(orL)

L2°0

LL'O

¢L0

8l

€€

8¢

¢

(€0)

912¢00

£/£00°0

80¢0°0

61L¢00

GLEOO

90¢0°0

£0LO0

€6000

€9€00

06100

Sv¢00

90100

8G¢0°0

€GLC0

Ley00

¥LL0°0

€5¢00

snouiunlg
-J9A01S UI0D

snoulwnyig
-MBIIS 189YM

snoulwnyig
-sysny 891l

2110 1yIUY-Jaded
2110BIUIUuY-SalN

a)oBIIUY
-POOM B1Sem

8110BIYIUY-1SNPMES

al0eIyIUY
-abpnis Jaded

a10eIyIuY
-Apped a0

aloelyIuy-assebeq
aueoiebns

a)oBIYIUY
-19A01S UJOD

a)oBIIUY
-Mel}s 1eaym

aYoRIyIUY
-sysny 891l

JUBWS0 papuslg

upy Jaulojeoald
/ J191eayaid e 0}

upy Jereayaud
e Jo Buipelbdn

(supt Aup Buoj 10oj)
uonelsushb Jemod
10} Alonodal 1eay
aimesadwai-ybiH

"18]002
21e16 Buneosoidioal
0] 1J8AU0D

8¢

e

9¢

G¢

ve

€¢

44

0¢

6L

8L

A

9l

Sl

vl

€l

cl

| 63




VASYAS

(sS'12)

(z6°€2)

(98'60L)

L1759

(rO'6LL)

(££°96)

(089LL)

(15'841)

(r8°€8)

8518

Gg'g

9¢L

(rSZL)

66£06

(LL'62)

(LLeLL)

00v'zre

008'8S¢

008'92¢

000'80L

00Z'L6

009'66¢

009'202

009'c€/2

008'90L

008'7/2

000'82¢

009'G¥¢

009'cle

008'76

008'9Z

009'5/€

00v'v6l

(Le9'Z0L'6)

vSL'0€L'L

€9/'v2r's

€0L'798'LL

(8¥7£'099'69)

16£'69G'LY

891'680'0¢

7€0'966'Le

LLL'G90'6L

68¢€'6e0'eC

(cLl'sgz'sl)

(5¥0'6L6'L)

(6S/'6175'L)

98€'799'l

(L6e'eeL'69)

S§8e'vLL'6C

168'76/'LT

(98£'690'L)

150'806

0/1'SL0'L

rzo'e6e’l

(62£'200'2)

0€6'/86'S

elr'eSs'e

vrS'ess'e

18€e'6eT'e

90S'LLE'Y

(¢22's92'2)

(0L¥'sze)

(reo'zsl)

€92's6l

(858'061'8)

Lyz'o6'e

020'095'C

(821)

LSl

69l

[45%4

(89LL)

LE'6

L2°9

9¢'9

€LC

6lL

(8L¢)

(8€°0)

(0€0)

€e0

(G9€l)

¢8'S

Xy

¢0¢00

66¢0°0

68L0°0

06000

9/00°0

€€€00

€/10°0

8¢¢00

68000

6¢¢00

06100

88¢0°0

8/1L0°0

6,000

79000

€LE00

¢9100

snouuwng
gng-iaded

snouuwnlg
ans-saln

snoulwnyg
gnS-poom a1sem

snoulwnlig
gnsg-1snpmes

snouiung
gns-abpn|s Jaded

snoulwnlg
qns-Apped 801

snoulwnlg
gns-assebeq
aueolebns

snoulwnyg
gNS-12A01S UI0D

snoulwnyg
gNS-MEeIIS 1BDYM

snoulwnyg
qns-sysny 891l

snoulwng-iaded
snoujwnyig-salin

snoulwnyg
-pooMm 81sEM

snoulwnyg
-1snpmes

snoulwnlg
-abpnis Jaded

snoujwnig
-Apped aou

shoulwnlg
-ossebeq
aueoiebns

Sy

144

a4

[44

oy

6¢

8¢

LE

9¢€

S¢

ve

€€

[4>

0€

6¢

| 64




(€£'97)

(80°€L)

(L7°SLL)

(06°L7L)

¢6'S/¢

(szesl)

(6£L12)

(857CLL)

(€0€Ll)

(0€£12)

000'88¢

000'20Y

00%'2/2

009'eSL

008'9¢l

000'08Y

002'eSe

0oz'sle

00%'ZSL

000'75¢€

Geg'ssr'el

L/6'6/€'6C

896'¢GY'LE

ocl'eeL'le

(Log'sv/'€)

/85'096'/8

LTl'SPL'SS

60£'880'SS

67€'0££'9¢C

LyY'v26'9L

or8'08s'L

096'0S¥'e

vSy'v69'e

€68'8/0'y

(955'eev'y)

/18'LE€'0L

9ze'LLY'9

259'047'9

z58're6'y

/15'S€0'6

€9°¢

GL'S

99

089

(6€72)

ccll

080L

8/°0L

cc8

90'GlL

0v¢00

GEE00

£2¢00

8¢l0°0

71100

00v00

LLc00

99¢0°0

LCL00

§6¢0°0

a11ubi-laded
a1ubI-saun

anub
-POOM 3lsem

21ubi7-1snpmes

ayubI
-obpnis Jaded

211ubI7-Apped 201

a1ubi7-assebeq
aueoiebns

3)1UBIT-18A01S UI0O

auubI
-MEel]S lesaym

21ubI7-sysny 201

S§

vS

€5

4]

LS

0§

6Y

14

Ly

o

| 65




[$1C02e)
140+

1,“15.011 t.mim 3,000,000 4,000,000 5.0 .U:ﬂ 6.000,000 J'.U('é_UJU B,000.000 9,000,000 10,000,200
b [Emission Reduction (IC02e/20-year)

Ghnier making [
80 | High eficiency moler Raw Material Substitution ||
ClCerh v ot Energy Efficiency Improsements in Faciity Oiperations. :

Decarbanaled teedsiocks{steel #ag of y ash Energy EMiciency Improverrents in Finish Grinding [T
{0 Erergy Eficiency Improvemens in Clinker Production
Erergy Eficeency improvemen:s in Raw Maserial Preparation I

Figure 16: MACCs for Technology Options

MACCs for Alternate Fuels

Figure 17 showcases the marginal abatement costs for various alternative fuels in Pakistan. It can be noted

that rice paddy, if mixed with different types of coal, the CO, reduction in tons of 480,000 for lignite, 435,600
for anthracite, 399,600 for bituminous, and 375,600 Bituminous, which is the highest among available options
in the context of CO, reduction. Whereas the marginal abatement costs per ton of CO, reduced are ($183.25)
for lignite, ($64.44) for anthracite, for Sub-Bituminous ($119.04), and ($79.11) for Bituminous, which means

that this option will not only reduce emissions but will also benefit in saving cost to the industry. However,

in the case of rice husk, if mixed with different types of coal, the CO, reduction in tons is 354,000 for lignite,
309,600 for anthracite, 274,800 for bituminous, and 249,600 for Bituminous, which is the 2nd highest among
available options in the context of CO, reduction. In contrast, the marginal abatement costs per ton of CO,
reduced are ($217.30) for lignite, ($55.64) for anthracite, and ($83.84) and ($47.44 for bituminous, making them
economically attractive due to the monetary benefits they offer. Being 3rd highest on the list of CO, reduction,
corn stover, if mixed with different types of coal as an alternative fuel, emissions are reduced by 319,200 for
lignite, 294,000 for anthracite, 273,600 for bituminous, and 259,200 Bituminous, which is the 3rd highest among
available options in the context of CO, reduction. In contrast, the marginal abatement costs per ton of CO,
reduced are ($172.58) for lignite, ($70.75) for anthracite, for Sub Bituminous ($116.80) and ($83.90) Bituminous,
making them economically attractive due to the monetary benefits they offer. Wheat straw, despite contributing
less emission compared to the options discussed above as it has a 20% replacement ratio with different

types of coal, is still a viable option as the supply of wheat straw is available in ample amounts. Considering
wheat straw, if mixed with different types of coal, the CO, reduction in tons is 152,400 for lignite, 127,200 for
anthracite, 106,800 for bituminous, and 92,400 for Bituminous; in contrast, the marginal abatement costs per
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ton of CO, reduced are ($173.03) for lignite, ($62.27) for anthracite, for Sub Bituminous ($178.51) and ($60.16
for bituminous, which indicates the cost of production will be reduced in a more significant number using wheat
straw.

If used as alternative fuels, such as waste tires, paper waste, sugarcane bagasse, and waste wood, the other
options will contribute to a considerable CO, reduction. Still, some options with favorable marginal abatement
costs are more costly due to less supply availability. Tire waste has a high calorific value and reduces CO,
emissions in a more significant number, but they are considered not a viable option due to less availability.
Sugarcane bagasse is also not considered a sugar mill, and local farmers mostly use it to create brown sugar.
The remaining options, such as paper sludge and paper waste, have a favorable marginal abatement cost per
CO, positive, and emission reduction is also meager compared with other options, making it not a favorable
option to be used as an alternative fuel.
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Figure 17: MACCs for Alternate Fuels
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MAAC Curves Findings

The above results were attained based on data from a cement plant that produced 600,000 tons annually. If no
intervention is made, the cement plant with the same production level in the next 20 years will emit 9,600,000
tonnes of CO,. From the MAAC curves discussed in the above sections, a summary of Table 10 is presented
below. This table presents the savings in cost and CO, emissions using the three most critical technological
interventions and the four most important alternative fuels that can partially replace coal burning in Kilns.

Table 10: MAAC Curves Findings Summary table

. . Marginal
Emission 9

Capital Costs Net Present Emission Abatement

($) Value ($) Reduction Reduced (%) Costs ($/

(tCO.e) tCO,e)

Sr.# Control Technology

1 Conversion from long 4,740,000 196,042,658 2,380,602 248 % (82.35)
dry kiln to preheater /
precalciner kiln

2 Decarbonated 450,000 203158,520 2,423,885 252 % (83.82)
feedstocks (steel slag
or fly ash)

3 Blended cement 432,000 (1,365,257) 2,583,360 269 % 0.53

4 Rice husks-Bituminous 0 11,840,008 249,600 26 % (47.44)

5 Corn stover- 0 21,746,695 259,200 2.7 % (83.90)
Bituminous

6 Wheat straw- 0 5,559,196 92,400 0.96 % (60.16)
Bituminous

7 Rice paddy-Bituminous 0 29,714,385 375,600 3.9% (7911)

It is evident that technological solutions are capital-intensive, especially the “Conversion from the long dry kiln
to preheater / precalciner kiln.” However, all three technological interventions result in significant environmental
benefits by reducing CO, emissions. In terms of costs, the “Conversion from the long dry kiln to preheater /
precalciner kiln” and “Decarbonated feedstocks (steel slag or fly ash)” recover the capital expense and result
in a positive NPV. On the other hand, “Blended cement” cannot recover the capital expense and has a negative
NPV.

Using alternate fuels, rice husk, corn stover, wheat straw, and rice paddy, results in emission reductions of 2.6%,
2.7 %, 0.96%, and 3.9%, respectively. While these emission reductions appear substantially less than those
given by technological interventions, it is pertinent to note that adopting alternate fuels requires no capital
expense. Hence, they are the easiest and quickest source of CO, emissions reduction.
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The above analysis was done for one cement plant. If the results are extrapolated to 73 million tons of annual
cement production over 20 years, it will result in 1.168 billion tons of CO,. The above techniques can reduce CO,
emissions, as shown below.

Table 11: Best available technologies according to MACCs

Control Technology Emission Reduction Emission Reduced (%)

(tCO.e)

1 Conversion from long dry kiln to preheater 289,639,865 24.8 %
/ precalciner kiln

2 Decarbonated feedstocks (steel slag or fly 294,906,044 252 %
ash)

3 Blended cement 314,308,800 26.9 %

4 Rice husks-Bituminous 30,368,000 26 %

5 Corn stover- Bituminous 31,536,864 27 %

6 Wheat straw-Bituminous 11,242,000 0.96 %

7 Rice paddy-Bituminous 45,699,252 3.9%
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Pakistan ranks 20th globally amongst the countries with coal reserves, with a proven coal reserve of 3,377
million metric tonnes (MMT). However, Pakistan’s local coal reserves are relatively low quality and have high
sulfur content. Most of the coal in Pakistan is lignite or sub-bituminous, which has a lower energy content
than higher-quality bituminous or anthracite coal. This lower quality can impact efficiency and environmental
performance in terms of emissions. Due to these concerns, Pakistan relies on imported coal to meet the
consumption requirements of different sectors of the economy.

The total consumption of coal by different sectors of the economy stood at 15.418 MMT during the period under
consideration, out of which 9.402 million metric tons were mined indigenously while the remaining 6.576 million
tons were imported from various international countries like Indonesia, South Africa, and Afghanistan. The coal
from Afghanistan is transported via trucks (40 tonnes capacity), while imported coal from other countries is
transported via maritime transport to the port in Karachi. This coal is transported to the hinterland via Railways
and then trucks. Thus, Pakistan’s cement industry has a high potential to reduce reliance on coal in general and
imported coal in particular by replacing some coal with locally available biowaste/fuels. This will create a win-
win situation by simultaneously reducing costs and CO, emissions.

Agriculture accounts for roughly 25 percent of GDP, and Pakistan is among the world’s top producers of crops
such as wheat, cotton, sugarcane, rice, etc. The waste of these crops can be used as biofuel for the cement
industry to be mixed with coal in kiln operations. Based on the discussion of Chapter 4, the most viable crops
are wheat, rice, and corn. Not only are these crops readily available in both the north and south regions, but
refuse/waste of these crops have sufficient high heat content for cement production.

Sustainable Supply Chain Solution

In this section, we have proposed a supply chain solution for alternate biofuels that can be mixed with coal for
kiln operations. This would reduce the coal used and help decarbonize the cement industry.

ASSUMPTION:

During cost and energy emission calculation, the following assumptions were used:

« Bituminous coal is used as the benchmark for these calculations.
« A negative cost savings shows that using these biofuels increases cost.
« The average transport cost for 10 MT of biofuel is PKR 50,144.

« The purchase cost of rice huck, rice addy, corn stover, and wheat straw were taken from the market
survey and assumed not to be impacted by inflation, etc.

« 35% of coal can be replaced with rice husk and rice paddy, while only 20% can be replaced with wheat
straw and corn stover.

« The cement industry will not expand for the next twenty years. However, it is assumed to be operating
at its total capacity of 73 MMT in 2040.

To develop a sustainable supply chain for biofuels to replace coal partially, the crop chosen must fulfill three
major requirements — (1) have the necessary calorific value to replace coal partially, (2) relatively cheaper
procurement costs as compared to the coal, and (3) availability of the required amount of the biofuel, as
otherwise cement plants will not be interested in using them.
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Table 11 provides the calorific value, replacement ratio (how many kgs of biofuel are required per kg of coal),
and cost-saving (per ton of cement produced).

Table 12: Features of the biofuels

Sr. # Name of Biofuel

Calorific Value  Replacement ratio Cost Saving ($/MT) Emissions Saving

(CO./MT)
1 RICE HUSK 16.2 GJ/dry ton 1.648 3.69 0.0208
2 WHEAT STRAW 18.2 GJ/dry ton 1.467 173 0.0077
3 CORN STOVER 15.4 GJ/dry ton 1.734 4.26 0.0216
4 SUGARCANE 19.4 GJ/dry ton 1.376 4.27 0.0162
BAGASSE

5 RICE PADDY 15.9 GJ/dry ton 1.679 5.82 0.0045
6 PAPER SLUDGE 8.5 GJ/dry ton 3.141 -13.65 0.0064
7 SAWDUST 16.5 GJ/dry ton 1.618 0.33 0.0079
8 WASTE WOOD 17.4GJ/dry ton 1.534 -0.30 0.0178
9 TIRES 37 GJ/dry ton 0.722 -0.38 0.0288
10 PAPER 22 GJ/dry ton 1.214 -3.78 0.019

The most beneficial biofuels are rice paddy ($5.82/MT), sugarcane bagasse ($4.27/MT), corn Stover ($4.26/
MT), rice husk ($3.69/MT), and wheat straw ($1.73/MT). Sugarcane bagasse is primarily available for 2-3
months of the year and has high utilization in local factories; thus, it is not considered a viable option for the

cement industry.

A 5-year average production (2018-19 to 2022-23) for rice, wheat, and corn shows an annual production of 7.53
MMT, 25.71 MMT, and 8.723 MMT, respectively. Punjab accounts for 52% of the national rice production, 77% of
the national wheat production, and 85% of the national corn production. On the other hand, Sindh contributes
38% of the national rice production, 15% of the national wheat production, and less than 1% of corn production.

There are 13 cement plants in Punjab and four in Sindh, indicating that rice, wheat, and corn are ideal crops for
alternative fuel in the cement industry. Figure 18, Figure 19, and Figure 20 highlight the geographical location of
rice, wheat, and corn production in Pakistan.
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Figure 18: Area Wise Rice Production in Pakistan
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Figure 19: Area-wise wheat Production in Pakistan

| 73



Pakistan: Corn Production
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Figure 20: Area wise Corn Production in Pakistan

Availability Analysis of Alternate Biofuels:

To be a viable alternative fuel, the biofuel chosen must be available for round-the-year operations; otherwise,

cement plants will not be interested in using it. Thus, the first requirement is to calculate the amount of biofuel

needed for one-ton production of cement. 150 kg of Bituminous coal is required to produce 1 tonne of cement.

Table 13: Fuel requirement for producing one tonne of cement

FOR PRODUCING 01 MT OF

CEMENT

RICE HUSK

WHEAT STRAW CORN STOVER RICE PADDY

Amount of Standalone Coal
required (kg)

Total amount of coal and biofuel
mixture (kg)

Coal in the mixture (kg)
Alternate fuel in the mixture (kg)

Reduction in coal (kg)

150

18113

97.50

83.63

52.5

150

162.54

120.00

42.54

30

150

170.25

120.00

50.25

30

150

182.71

97.50

85.21

52.5
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To replace coal alternative fuels with coal to produce each ton of cement, around 83.63 kg of rice husk, 85.21
kg of rice paddy, 42.54 kg of wheat straw, and 50.25 kg of corn stover are required. Two scenarios can be
developed for the cement industry’s round-the-year operations. Firstly, the amount of biofuel required to meet
last year’s production, i.e., 44.58 MMT of cement, and secondly, the amount required to meet the accumulated
production capacity of all cement plants in Pakistan, i.e., 73 MMT. Both these scenarios are discussed in Table
12.

Table 14: Scenario Analysis

RICE HUSK WHEAT CORN STOVER  RICE PADDY

STRAW

SCENARIO 1: MEET THE PRODUCTION REQUIREMENT OF LAST YEAR (2022-2023) I.E., 44.58 MMT

Alternate fuel required to meet year 22-  3.73 1.9 2.24 3.8
23 requirement (MMT)

Availability of crop (MMT) *see annex A 3.47 16.8 6.32 18.83
for calculations)

Demand percentage to available crop 107% 1% 35% 20%
Raw material sufficient No Yes Yes Yes
SCENARIO 2: MEET THE FULL PRODUCTION CAPACITY OF THE CEMENT INDUSTRY, IL.E., 73 MMT

Alternate fuel required to meet capacity 6.1 3an 3.67 6.22
demand (MMT)

Availability of crop (MMT) *see annex A 3.47 16.8 6.32 18.83
for calculations)

Demand percentage of available crop 176% 18% 58% 33%

Raw material sufficient No Yes Yes Yes

Based on the above analysis, it is evident that rice husk alone is not sufficient to meet the current or capacity
production requirements. However, wheat straw, corn stover, and rice paddy are adequate to meet these
requirements. It is important to note that maize/corn and rice are Kharif crops, while wheat is a Rabi crop.
Hence, year-round operations require a combination of Rabi and Kharif crops, assuming a 6-month storage of
biofuel inventory.

It is important to note that rice husks have already established a supply chain and are used in the energy
generation industry. Thus, the cement industry will find it challenging to procure rice husks. On the other

hand, rice paddy (a significant byproduct of rice crops) may be a more viable option. Rice paddies are not only
sufficient to meet the demand of the cement industry, but their use as fuel will have a significant impact on the
environment. Typically, farmers burn rice paddies to clear their fields for subsequent cultivation, which causes
severe harm to the environment as a consequent smog is a recurring phenomenon that afflicts socio-economic
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activities across Punjab and Sindh [58], [59]. Developing a supply chain for rice paddy will allow the burning of
rice paddies in a more controlled environment than in an open field and cause environmental havoc.
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Way Forward



Challenges

Heavy Dependence On Coal

Pakistan’s cement industry’s reliance on coal as a primary energy source is a significant hurdle for
decarbonization. Coal constitutes 51.4% of the energy used in the industrial sector, with cement alone
consuming nearly 36% of the industrial sector’s coal usage. (Nation, 2023). Moreover, the trend of coal
consumption has been on an upward trajectory, with an annual compound growth rate exceeding 20% since
2016. This heavy dependency on coal makes transitioning to lower-carbon alternatives challenging, given the
established infrastructure and processes centered on coal usage. The cement sector in Pakistan finds itself
on unstable ground, mainly owing to its heavy reliance on coal. The soaring prices and unpredictable supply of
imported coal have forced many plants to dial down operations or shut down temporarily, casting a long shadow
on the industry’s export growth during the fiscal year of 2022-23. The sector’s tether to foreign shores for over
66% of its coal supply, mainly from South Africa and Indonesia, leaves it at the mercy of the ebbs and flows

of the global market. While coal keeps the kilns burning, it also stokes the flames of environmental concern.
The cement industry’s sizable appetite for coal significantly contributes to the country’s carbon emissions—a
fact often overshadowed in national dialogues around carbon footprint, even as new plants mushroom across
the country, further fanning these emissions. Regulatory headwinds are also blowing in, with an increasing
emphasis on trimming down CO, emissions, nudging the sector towards a greener energy tableau. Amidst the
swirling energy market tempest, some cement producers in the northern reaches of Pakistan are casting their
nets towards Afghanistan’s coal reserves. However, this new avenue comes with supply chain modifications
and quality assurance challenges. Beyond the coal problem, the sector also grapples with broader economic
tremors triggered by dwindling demand in the wake of natural calamities or political unease and the ripple
effects of a global economic slowdown. Navigating this complex landscape calls for a concerted effort to
unearth sustainable energy alternatives, ramp up energy efficiency, and bolster domestic coal production to
lessen the tether to foreign coal supplies. This multi-pronged approach could pave the way towards steadier
ground for Pakistan’s cement industry, blending economic robustness with environmental responsibility.

Limited Fiscal Space And Investment:

In the pursuit of decarbonizing Pakistan’s cement industry, formidable challenges emerge, with limited fiscal
space and investment resources standing out as significant hurdles. In scientific terms, this translates into
the struggle to secure the necessary financial means for adopting cutting-edge green technologies and
implementing sustainable practices to curb emissions. Pakistan’s fiscal landscape is constrained by many
factors, including high public debt and competing budgetary priorities, encompassing healthcare, education,
and infrastructure development. Such fiscal constraints impede the government’s ability to allocate substantial
resources to incentivize the transition to low-carbon cement production. Moreover, the cement industry faces
the problem of making substantial initial investments in sustainable technologies and practices, often with
long payback periods. This capital-intensive nature, coupled with the private sector’s reluctance to embrace
these technologies, presents challenges that necessitate creative solutions, international collaboration,

and the mobilization of financial and technological resources to navigate the intricate path toward a more
environmentally responsible cement industry in Pakistan.
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Impact Of Interest Rates

Interest rate, defined as the amount charged by lenders to borrowers for the use of money, expressed as a
percentage of the principal, plays a crucial role in the economic landscape of a country, influencing the cost of
borrowing and the return on savings. The recent retention of a high % interest rate of 22% by the Central Bank
of Pakistan poses a notable challenge to the decarbonization endeavors within the cement industry. Firstly, the
elevated cost of borrowing, exacerbated by high-interest rates, deters the essential capital investment required
for transitioning to low-carbon technologies or upgrading existing infrastructures to greener alternatives. The
financial commitment towards such transitions is substantial, and with the augmented financing costs, the
anticipated Return on Investment (ROI) diminishes, making sustainable investments less appealing. Secondly,
the operational costs of cement companies could rise if they are subjected to variable-rate loans, thereby
straining financial resources and leaving less room for investment in decarbonization initiatives. Furthermore,
access to capital, a lifeline for operational and strategic shifts towards sustainability, may be constrained.
High-interest rates could deter investors, whose apprehensions might be fueled by the eroded profits due to
increased interest costs or the perceived financial barriers to reducing carbon emissions in the industry. This
financial milieu could also disincentivize innovation and research into cleaner production methods, potentially
hindering collaborations with other sectors or entities striving for sustainability. Lastly, cash flow constraints
induced by high-interest rates limit the funds available for reinvestment into decarbonization initiatives. The
compounded effect of these financial hurdles could significantly hamper the pace at which the cement industry
can adopt more sustainable, low-carbon operations, undermining the broader decarbonization agenda.

Technical Innovation And Inflation

The journey toward decarbonization in the cement industry is loaded with numerous challenges, among which
the lack of technical innovation and prevailing inflation are substantial. The lack of local technical innovation
stifles the industry’s ability to transition to cleaner and more energy-efficient production methods. Despite the
availability of alternative, greener technologies, the adoption rate within the industry is notably sluggish due to
a shortage of technical advancements that would otherwise drive down the costs and improve the efficiency
of these technologies. This technological stagnation hampers the industry’s ability to meet decarbonization
goals and exacerbates its vulnerability to the adverse financial implications of high inflation rates. Inflation,
characterized by a general price increase and a fall in the purchasing value of money, further compounds the
cement industry’s financial challenges. The high inflation rate escalates the cost of raw materials, energy, and
other operational expenses, thereby straining the already thin profit margins of companies within the industry.
In a high inflation scenario, the cost of financing also rises, making it exceedingly difficult for companies to
secure the necessary funds for investing in greener technologies or upgrading existing infrastructures to meet
environmental standards.

Furthermore, the interaction between inflation and lack of technical innovation creates a feedback loop that
further deters decarbonization efforts. High inflation rates could deter research and development investments,
a crucial technical innovation driver. The resulting lack of innovation hampers the industry’s ability to reduce
production costs and improve efficiency, making it less resilient to the financial strains imposed by inflation. This
vicious cycle impedes the industry’s transition to greener operations and threatens its financial sustainability
significantly when the high-interest rate exacerbates the cost of borrowing. Moreover, the potential loss
scenario projected due to these factors significantly deters the industry stakeholders from committing to

the capital-intensive transition toward decarbonization. The apprehension of entering a loss phase due

to high operational and financing costs, exacerbated by inflation and lack of technical innovation, forms a
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formidable barrier to adopting greener, low-carbon technologies. In conclusion, the intertwined challenges of
lacking technical innovation, rampant inflation, and high-interest rates pose significant hurdles to the cement
industry’s decarbonization efforts. A multi-faceted approach encompassing financial, technological, and policy
interventions is imperative to navigate these challenges and propel the industry toward a sustainable, low-
carbon trajectory.

Opportunities for Pakistan

An intricate array of control measures will play a pivotal role in the quest for net-zero CO, emissions in Pakistan’s
cement industry from 2020 to 2050. The initial phase, slated for 2024 -2030, will concentrate on laying a

solid foundation for decarbonization. During this period, the industry will optimize the existing waste heat
recovery (WHR) systems with strict control measures to ensure these systems operate at peak efficiency.
Monitoring and controlling these WHR systems will be paramount to extracting the maximum waste heat,
boosting energy efficiency, and simultaneously curbing CO, emissions. Concurrently, the industry will integrate
renewable energy sources, especially solar panels, during 2024-2030. Advanced control strategies will be
employed to oversee the efficient generation and utilization of solar energy, thus reducing the industry’s
reliance on conventional electrical grids during daylight hours. Between 2024 and 2030, the cement industry
will make strides in enhancing electrical efficiency and emissions reduction through technology upgrades.

This phase will introduce advanced process control and management systems supported by stringent control
measures. These systems encompass various vital technologies, including transitioning from pneumatic to
mechanical raw material transport, substituting ball mills with high-efficiency or vertical roller mills, utilizing
high-efficiency classifiers, installing adjustable speed drives for kiln fans, and incorporating oxygen enrichment
and air mixing technology. These technologies will be meticulously controlled to maximize energy efficiency
while reducing the carbon footprint. Moving into the subsequent phase, from 2031 to 2040, the industry
underscores its commitment to decarbonization and sustainable practices. This period’s Control measures will
include establishing an integrated system for monitoring and controlling emissions. This system will enable
systematic carbon credit accumulation, with stringent control measures for precise emissions tracking, ensuring
compliance and transparency. Exploring alternative fuels and materials from 2024 to 2030 will necessitate
rigorous control measures. Cement plants must implement advanced control systems to ensure the safe and
efficient use of alternative fuels like biomass and alternative raw materials such as steel slag and pozzolanic
materials. These control systems will monitor and regulate combustion processes, optimizing energy efficiency
while mitigating emissions.

The journey towards advanced clinker production technologies, such as oxy-combustion, carbonate looping,
and syngas co-production from 2030 to 2035, demands precise control systems. These systems will be
responsible for ensuring the efficient operation of these innovative technologies, minimizing emissions,

and advancing the sustainability of cement production. In the final phase, from 2041 to 2050, the industry

will intensify its efforts to achieve net-zero CO, emissions. Advanced control measures will be enacted for
emissions-reduction technologies such as reciprocating grate coolers, suspension preheater low-pressure

drop cyclones, and the transition from long dry kilns to preheater/pre-calciner kilns. Stringent control measures
for carbon capture systems and fuel switching will also be implemented, ensuring these technologies’ safe,
efficient, and optimized operation. The primary objective will be to minimize emissions while facilitating a
seamless transition to low or zero-carbon fuels. Throughout the journey, a real-time emissions monitoring

and reporting system, fortified by stringent control measures, will ensure continuous accountability and
transparency. Through these meticulously designed and executed control measures, Pakistan’s cement industry
will endeavor to effectively work toward achieving net-zero CO, emissions by 2050. This steadfast commitment
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to control and sustainability will not only enhance the industry’s efficiency. Still, it will also steadily reduce its
carbon footprint, marking a significant step towards environmental responsibility and sustainability.

Road Map For Pakistan Cement industry
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Figure 21: RoadMap for NET Zero Emission Scenario for Pakistan’'s Cement Sector

Green Financing

In 2019, the European Commission stipulated that the EU would become climate-neutral by 2050. This
ambitious goal required significant investments from both the public and private sectors. According to the
European Commission in 2021, the EU estimated that around €350 billion of additional investment would be
needed in the energy system annually until 2030 to meet the 55% emission reduction target. This step by the
EU indicates a significant push toward implementing green financing initiatives within the cement industry.

These initiatives reflect a broader commitment to sustainability and environmental responsibility. A notable
approach involves issuing green bonds, which provide cement companies with funds to invest in projects to
reduce the industry’s carbon footprint. These investments often focus on cutting-edge technologies such

as energy-efficient kilns and adopting cleaner fuels, all of which contribute to more environmentally friendly
cement production. The EU has also embraced carbon pricing mechanisms, including emissions trading,
offering financial incentives for cement manufacturers to curb their emissions. This encourages the adoption of
innovative solutions like carbon capture, utilization, and storage, which have the potential to reduce emissions in
the sector significantly.

Moreover, the EU requires rigorous environmental impact assessments for new cement projects. This provides
investors with confidence that the industry is actively addressing sustainability concerns. Additionally, the
EU supports research and development in the field, helping to advance low-carbon cement production
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technologies. Public procurement policies prioritize using sustainable cement products, creating a market for
eco-friendly options, and incentivizing companies to adopt environmentally responsible practices. Lastly, the
European Investment Bank has played a critical role by providing financial support for projects that improve
energy efficiency, reduce carbon emissions, and enhance overall sustainability in the cement sector.

Promoting green financing initiatives in a developing country like Pakistan demands a flexible approach, with
government policies at its core. Firstly, Pakistan should establish a robust green bond framework that lays
down clear guidelines for issuing green bonds that align with international standards. Tax breaks and subsidies
for green bond issuers should be introduced to incentivize companies, reducing regulatory costs and financial
burdens associated with going green. Moreover, environmental impact assessments should be mandated for
all industrial projects, ensuring alignment with sustainability objectives and identifying potential environmental
risks. Introducing a carbon pricing mechanism, such as a carbon tax or cap-and-trade system, is crucial for
encouraging emissions reduction, with the generated revenue reinvested into green financing programs.
Public procurement policies can be leveraged to prioritize using sustainable cement products in government
projects, creating a market for green cement and supporting the sector’s transition. Additionally, funds should
be allocated for research and development programs in sustainable cement production technologies, fostering
innovation through collaboration between research institutions, academia, and the private sector. Capacity
building through workforce development, training, and public awareness campaigns is critical to equipping

the industry and the public with the necessary knowledge and skills. International collaboration, monitoring
and reporting mechanisms, and private sector engagement should also be necessary. By implementing these
policies, Pakistan can pave the way for a greener, more sustainable industrial landscape and earn more revenue
through carbon credit trading.

Recommendations

From the operational perspective, the most viable strategy in the short term to curtail CO, emissions from

the cement industry involves substituting coal-fueled kiln operations with biofuels, including but not limited

to rice husk, rice paddies, corn stover, and wheat straw. This alternative effectively replaces 20-35% of coal
in kiln operations. In the long term, the cement manufacturer can consider converting to precalciner kilns and
using alternate raw materials to reduce CO, emissions significantly. While these technologies can be capital
intensive, the cement plants will recuperate their capital cost as they lead to significant energy and production
cost savings. Furthermore, we can advocate for cement manufacturers lacking waste heat recovery plants

to promptly install such systems, emphasizing their potential to enhance energy efficiency and substantially
decrease emissions. Concurrently, cement manufacturers already equipped with these plants are encouraged
to explore upgrading options. This proactive approach across sectors can substantially improve overall energy
efficiency, aligning industrial practices with sustainability goals and mitigating environmental impact.

The Pakistani government should proactively institute its carbon tax policy to incentivize domestic emissions
reduction rather than being subject to specific global carbon tax instruments such as the EU’s Carbon Border
Adjustment Mechanism (CBAM). This tax should target industries and plants with higher carbon footprints that
are not yet transitioning towards sustainable practices aligned with the nation’s climate commitments. The
revenue generated can be channeled into subsidies, incentives, and green financing programs to accelerate
decarbonization efforts across sectors. Self-administering a carbon tax allows Pakistan to exercise greater
control and autonomy in managing its environmental policy and industrial regulation. However, the design of
such a tax must balance competitiveness concerns while creating a robust price signal for curbing emissions.
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On the policy side, it is recommended that the Government of Pakistan (GOP) take several initiatives to
encourage cement manufacturers to adopt green practices. For example, the GOP can incentivize cement
manufacturers’ use of renewable energy by lowering import duty on solar panels. Similarly, the GOP can offer
low interest rates on loans so that industries invest in green technologies and sustainable practices. This

can alleviate the financial burden on industries and encourage more investments in eco-friendly and energy-
efficient technologies. GOP can implement a more robust carbon tax structure to discourage high emissions
while offering tax incentives for industries that adopt greener practices or technologies. Furthermore, the GOP
can legislate for regular energy efficiency audits for industries and certifications for those meeting high energy
conservation and sustainable practices standards.

All mainstream industries, especially cement producers, are recommended to collaborate with academic/
research institutes and allocate a certain percentage of their revenue towards research and development in
green technologies, fostering innovation and new solutions for producing green cement.

Further, it is strongly recommended that there is a need for a structured dialogue between industrial sectors and
the Ministry of Climate Change and other relevant industries and stakeholders to foster mutual understanding
and collaborative efforts towards emissions reduction. Furthermore, there is a need for widespread adoption of
indigenously developed technologies such as “CO, - Arrestor, CO, - Bin, etc.” developed by NUST in industrial
settings, including installation on chimneys, indoor spaces, and vehicles, to tackle Scope 1 and 3 emissions
directly from the source. This technology represents a significant advancement in emissions control and should
be leveraged to its fullest potential.

As highlighted in the stakeholder consultation summary annexed to this report, a multi-pronged approach
involving technological upgradation, regulatory reforms, capacity building, incentivization mechanisms, and
cross-sector collaboration is crucial for achieving meaningful decarbonization in Pakistan’s cement industry.
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