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The problem 
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•  Energy	produc-on	and	use	is	the	single	most	important	man-
made	sources	of	air	pollutant	emissions	

•  Unregulated,	poorly	regulated	or	inefficient	fuel	combus-on	
produce:	
•  85%	of	par-culate	ma?er	
•  almost	all	of	the	sulfur	oxides	(SOx)		
•  almost	all	of	the	nitrogen	oxides	(Nox)	



World energy consumption 
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https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html 

But … more than 2.7 billion people still use wood and other solid fuels for 
cooking, and kerosene for lighting or cooking 



UN Development Goals (2015-2030) 
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UN Development Goal 7 
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Target 7.1: Ensure universal access to affordable, 
reliable and modern energy services by 2030. 
 
Target 7.2: Increase substantially the share of 
renewable energy in the global energy mix by 2030. 
 
Target 7.3: Double the global rate of improvement in 
energy efficiency by 2030. 



IEA Special Report (2016) 
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Energy
andAir
Pollution

World Energy Outlook
Special Report

This study – released as a 
World Energy Outlook (WEO) 
Special Report – reflects the 
IEA’s new vision. An IEA that 
is truly international in its 
outlook must tackle the issues 
of greatest concern to 
developing, as well as 
developed, countries.  
No country can claim to have 
fully overcome the air 
pollution challenge, and the 
IEA is uniquely placed to bring 
decision makers together and 
provide evidence-based 
analysis and policy advice.  
In establishing itself as a 
global hub for clean and 
efficient energy, the IEA is 
seeking to help all countries 
of the world overcome the 
negative environmental 
impacts of energy use. 



Primary air pollutants 
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Po Valley Brown Cloud 
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https://earthobservatory.nasa.gov/IOTD/view.php?id=84701 



Asian Brown Cloud 
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Public Domain, https://
commons.wikimedia.org/w/
index.php?curid=81354 



NOx in China 
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Zheng et al. – Atmospheric Pollution Research (APR) 689�
�

May)� for� spring,� JJA� (June,� July,� August)� for� summer� and� SON�
(September,�October,�November)�for�fall.�

�
3.1.�Comparison�of� tropospheric�NO2� from�DP�and�SP�over�East�
China�

�
We�compared�OMI�tropospheric�NO2�columns�retrieved� from�

the�SP�and�DP�algorithms�to�evaluate�their�differences�over�eastern�

China.�Figure�2�shows�the�seasonal�area�weighted�average�troposͲ
pheric�NO2� columns� gridded� to� 0.5°×0.5°� (longitude�×�latitude)�of�
SP�(first�line),�DP�(second�line)�from�the�daily�level–2�data�over�East�
China�for�the�year�2006.�Two�lines�show�broadly�similar�spatial�and�
seasonal� variation.� The� concentration� appears� enhanced� in� the�
densely� populated� and�major� industrial� areas,� and� the� variation�
with�an�expected�maximum�of�NO2�column� in�wintertime�because�
of�strong�anthropogenic�emissions�in�this�season.��

�

Figure�2.�Seasonal�mean�tropospheric�NO2�columns�binned�at�0.5°×0.5°�for�December–February�(DJF),�March–May�(MAM),�June–
August�(JJA),�and�September–November�(SON)�over�East�China�(10°N–55°N,�90°W–135°W)�for�2006�from�the�OMI�DOMINO�product�

(DP,�first�line)�and�standard�product�(SP,�second�line).
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Nadir–viewing  imaging  spectrograph  recording  direct  and  atmosphere–
backscattered  sunlight  in  the  ultraviolet–visible  (UV–VIS)  range  from  264 nm  
to  504 nm  aboard  NASA’s  EOS  Aura  satellite. 



Emissions by fuel 
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technology choice: a gasoline car with a catalytic converter can emit 1.4 kt of NOX per 

Mtoe, but a diesel truck without filters can emit more than 50 kt of NOX per Mtoe. For PM, 

bioenergy dominates due to the effect of its use by households in traditional stoves, with 

average emissions per unit of 13 kt/Mtoe and accounting for the clear majority of total 

energy-related PM emissions. In all cases, natural gas results in much lower emissions, as 

there is an imperative – for safety reasons and to avoid corrosion to the pipeline transport 

system – to remove sulfur as soon as practicable after production. 

Figure 1.12 ⊳ Global average emissions factors and share of major pollutant 
emissions by fuel, 2015 

Notes:  The most relevant fuels in terms of emission factors are represented; fuels not shown are considered 

negligible. Global average emission factors are calculated across all types of sectoral activity and all types of 

technology. 

This section examines the role of energy in air pollution in more detail, looking initially at 

the issues associated with energy production, including the critical issue of fuel quality, and 

then by sector with power generation and the main end-use sectors (transport, industry 

and buildings). It illustrates how changing patterns of energy use and the application of 

pollution mitigation technologies are constantly re-shaping the links between energy use 

and the main air pollutants. 

Fossil-fuel production 

Pollutant emissions occur along the whole chain of the fossil-fuel life cycle, from extraction 

to final use. In all cases, the production phase involves the on-site consumption of energy, 

mainly diesel or produced natural gas. In addition, there is sometimes non-productive 

combustion resulting in carbon dioxide (CO2) emissions, e.g. the practice in parts of the oil 

sector to flare unmarketable volumes of associated gas, as well as, in some instances, the 

direct venting of natural gas to the atmosphere. There can also be fugitive emissions of 

methane from leaking valves, seals or pipelines, as well as emissions of other VOCs and 

gaseous pollutants from in and around production sites. 
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Emissions per capita 
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Figure 2.1 ⊳ Air pollutant emissions by type from key sectors 

a) SO2 emissions from industry and power generation sectors

b) NOX emissions from transport sector

c) PM2.5 emissions from buildings sector

* For Russia, 1995 data have been taken into account as first series point.

Notes: kg = kilogrammes. Calculated based on gross domestic product expressed in year-2014 dollars in 
purchasing power parity (PPP) terms. 

Source: Crippa, et al., (2016). 
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Figure 2.1 ⊳ Air pollutant emissions by type from key sectors 

a) SO2 emissions from industry and power generation sectors

b) NOX emissions from transport sector

c) PM2.5 emissions from buildings sector

* For Russia, 1995 data have been taken into account as first series point.

Notes: kg = kilogrammes. Calculated based on gross domestic product expressed in year-2014 dollars in 
purchasing power parity (PPP) terms. 

Source: Crippa, et al., (2016). 
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Figure 2.1 ⊳ Air pollutant emissions by type from key sectors 

a) SO2 emissions from industry and power generation sectors

b) NOX emissions from transport sector

c) PM2.5 emissions from buildings sector

* For Russia, 1995 data have been taken into account as first series point.

Notes: kg = kilogrammes. Calculated based on gross domestic product expressed in year-2014 dollars in 
purchasing power parity (PPP) terms. 

Source: Crippa, et al., (2016). 
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World Energy Model (WEM): www.worldenergyoutlook.org/weomodel/ 
Greenhouse Gas and Air Pollution Interactions and Synergies (GAINS): www.iiasa.ac.at/web/home/research/modelsData/GAINS/GAINS.en.html  



Pollution in London 
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©	The	Economist	

The hard way to development 



Potential energy barrier 

Uso dell’energia e qualità dell’aria ... 14 

In Classical Physics, a particle needs 
kinetic energy to overcome a potential 
energy barrier. 
    
In Quantum Physics, a particle-wave has 
a finite probability to “overcome the 
barrier”, as its position is not 
completely defined and it can exists 
both inside and outside of the barrier. 
This effect is called “quantum 
tunneling”.  



Tunneling effect 
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UN Development Goal 7 - Indicators 
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7.a Enhance international cooperation to facilitate access to 
clean energy research and technology, including renewable 
energy, energy efficiency and advanced and cleaner fossil-fuel 
technology, and promote investment in energy infrastructure 
and clean energy technology  
Indicator: Mobilized amount of United States dollars per year 
starting in 2020 accountable towards the $100 billion 
commitment	
 
7.b Expand infrastructure and upgrade technology for 
supplying modern and sustainable energy services for all in 
developing countries, in particular least developed countries, 
small island developing States and landlocked developing 
countries, in accordance with their respective programmes of 
support 
Indicator:	Investments	in	energy	efficiency	as	a	percentage	of	GDP	and	
the	amount	of	foreign	direct	investment	in	financial	transfer	for	
infrastructure	and	technology	to	sustainable	development	services		



IEA: Clean Air Scenario 
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A clean air strategy for the energy sector will vary in approach based on the contexts of 
countries and cities, as well as their capacities to develop and implement them. There is no 
uniform policy prescription for air quality that is applicable to all countries and regions; 
such an approach would be neither possible nor desirable for a problem that is so diverse in 
local circumstances. The intention with the Clean Air Scenario is rather to provide a toolbox 
of proven policies and technologies, which – adapted in various combinations to different 
national and regional settings – can bring about a cost-effective reduction in pollutant 
emissions and related impacts. A consistent strategy should include not only the policy 
instruments, but also clear steps and timelines to adopt and monitor them, attention to 
enforcement and evaluation, consideration of potential co-benefits and an anticipation of 
future trends affecting pollutant emissions (energy demand growth, population growth 
etc.). For example, China’s Air Quality Action Plan contains measures to increase emissions 
controls, adjust the energy structure and promote clean energy supply, optimise its 
industrial sector and accelerate technology transformation. Alongside this, it contains steps 
to improve the regulatory system and supervision, including integrated regional 
co-ordination, and to establish monitoring, alerting and emergency response systems for 
air pollution episodes. 

For the policy aspects, this World Energy Outlook Special Report offers a simple typology 
(Figure 3.2) for practitioners in the energy sector to conceptualise and develop, with 
others, energy-specific action plans to tackle air pollution, building on the groups of actions 
discussed in Chapter 2.  

Figure 3.2 ⊳ An “A-I-R” typology of energy sector actions on air pollution 
included in the Clean Air Scenario 

Note: For more detail on the policy measures included in the Clean Air Scenario, see Chapter 2, Table 2.1.  

A  I  R
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“New Policies” (BAU) and  
“Clean Air” Scenarios 
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poorest of the population on the continent: per-capita emissions of PM2.5 associated with 
the use of inefficient cookstoves remain highest in Sub-Saharan Africa (except South 
Africa). 

Air pollutant trends by sector 

The global decline in emissions stems jointly from policies to transform the energy sector 
and to reduce air pollutant emissions. Policy measures to avoid emissions contribute 40% 
of the global decline of SO2 emissions by 2040, 35% for NOX emissions and almost 60% for 
PM2.5 (Figure 2.5). Measures to reduce emissions contribute 53% of the decline in SO2 
emissions, 61% of NOX emissions and 26% of PM2.5 emissions, while a drop in process-
related emissions is responsible for 7% of the SO2 savings, 3% for NOX and 17% for PM2.5.  

Figure 2.5 ⊳ Global air pollutant emissions from the energy sector and 
savings by policy type in the New Policies Scenario 

Sources: IEA; IIASA. 

Air pollutant emission trends also vary significantly by sector. The entire energy sector 
emitted 81 million tonnes (Mt) SO2 emissions in 2015, mostly in the industry and 
transformation (46%) and power sectors (33%). Three-quarters of SO2 emissions were 
associated with the combustion of fuels, while the remainder were from energy processes 
in the industry and transformation sectors. About 60% of combustion-related SO2 emissions 
were from the use of coal, mostly in the power and industry sectors; almost 40% from the 
use of oil and the remainder from the use of biomass. In the New Policies Scenario, policy 
efforts to avoid and reduce SO2 emissions successfully bring down their level to 64 Mt in 
2040, 20% below today’s level. The decline is led by the power sector, where emissions 
from coal and oil combustion fall by 47% and 55% respectively, despite a growth of 
electricity generation by almost 70% relative to today. In the transport sector, SO2 
emissions fall by two-thirds through to the mid-2020s, largely due to regulations limiting 
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New Policies Scenario 

Chapter 2 | Outlook for air pollution 81 

2 

the New Policies Scenario. This represents almost 50% of the global reduction in PM2.5 
emissions from the residential sector and almost one-quarter of the global reduction in 
PM2.5 emissions in the Clean Air Scenario. The savings put PM2.5 emissions per capita in 
Africa in 2040 on a par with Japan, a country where per-capita income is seven times higher 
than in Africa by that time, with significant health benefits. SO2 emissions fall by almost 
60% in 2040 in the Clean Air Scenario relative to the New Policies Scenario, mostly driven 
by measures to reduce emissions from coal-fired power generation. NOX emissions fall by 
more than three-quarters in the Clean Air Scenario compared with the New Policies 
Scenario. About half of the savings are achieved by road transport regulation, particularly 
of heavy-duty vehicles.  

Air pollutant trends by sector 

Policies to avoid emissions (such as through energy sector transformation) and to reduce 
emissions (such as through mandating emissions controls) contribute to the emissions 
savings in the Clean Energy Scenario. Most of the decline of SO2 emissions, relative to the 
New Policies Scenario, rests on measures to cut emissions from fuel combustion through 
measures that avoid (13%) or reduce emissions (56%); the remainder come from process-
related emissions savings in the industry and transformation sectors (Figure 2.8). Half the 
combustion-related savings occur in the power sector and are in large part achieved by 
emissions control strategies (the remainder being from increased use of renewables). 
Around one-third of combustion-related emissions savings are secured in the industry and 
transformation sectors, in particular by reducing emissions from coal combustion (through 
imposing tighter pollution standards in the iron and steel industry) and oil combustion 
(particularly in the chemicals industry).  

Figure 2.8 ⊳ Air pollutant emissions savings by policy measure in the Clean 
Air Scenario relative to the New Policies Scenario, 2040 

Note: NPS = New Policies Scenario; CAS = Clean Air Scenario.  Sources: IEA; IIASA.  
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Clean Air Scenario 



Producers vs. Consumers 
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information to enhance the accuracy of supply chain analysis, allowing a better 
understanding of the life-cycle emissions of various products. This can lead to increased 
awareness among consumers that might affect their purchase decisions. It can also be a 
valuable aid to decision makers in the process of environmental policy design at the 
local and global level. 

Figure 3.5 ⊳ Emissions of sulfur oxide embedded in goods and services 
produced and consumed in selected regions 

Source: Analysis from Politecnico di Milano, based on data retrieved from the World Input Output 
Database (Timmer, 2015). 

There are other recent examples of the importance of air pollution being recognised in 
high-level international fora. In May 2015, the World Health Assembly (the decision-making 
body of the WHO) adopted a resolution on air pollution and health that identifies 
13 measures that member states should strive to implement. These include actions 
enabling health authorities to raise awareness of the dangers of air pollution, developing 
guidelines to limit exposure and working with relevant private and public sector actors on 
sustainable solutions. The United Nations’ SDGs put a further global spotlight on air quality, 
targeting indoor air quality through access to clean energy for all.  

3. Effective monitoring, enforcement, evaluation and communication

Air quality measures in the energy sector need adequate provisions for monitoring 
and enforcement, alongside regular evaluations of their impact and effectiveness. 
Transparency and timely public communication provide the means to keep a strategy 
on course, build confidence in the mitigating actions and inform stakeholders how 
they can contribute. 
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Maritime transportation 
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•  Maritime transportation is of the utmost importance for international trade, transporting more 
than 80% of internationally traded goods 

•  Maritime transportation tends to use the cheapest available fuels 

•  Maritime transportation accounts for 90% of transport sector SO2 emissions (9 Mt)  

•  The sulfur content of maritime bunker fuel oil can be as high as 3.5%, while the oil products used 
in road transport can contain as little as 10 ppm  

•  Main problems faced by coastal residents living near shipping lanes or ports  

•  In port cities that usually are big urban conglomerations, emissions from navigation account for 
even more significant shares of local pollution  

•  Vessels may spend days waiting at anchor just a few miles offshore, or at berth, to load or offload 
goods, while continuing burning oil for power  

•  Over 40% of the time spent in ports by the world’s shipping fleets occurs in Asia, followed by 
Europe at 31% 

•  Hong Kong was the first in the Asia region to pioneer with research, monitoring and raising 
awareness with measures designed to first encourage voluntary fuel switching, and, in 2015, to 
require all vessels to use only 0.5% sulfur content fuels while at berth in its port 

•  Possible solutions: “cold ironing”, whereby vessels at berth plug in to onshore power supply in 
order not to run on-board diesel generators, or use of LNG while in port 

 
 
 
 



(E-R Region POR-FESR 2014-2020) 
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Design, standardisation and future implementation of the 
necessary infrastructure to supply LNG to naval vessels during 
entry and exit 
 
University of Bologna: 
•  CIRI - Meccanica Avanzata e Materiali - UO Materiali avanzati e 

applicazioni per la nautica 
•  CIRI EA - UO Biomasse 
 
Companies: 
•  North-Adriatic Sea Port Authority: port regulations  
•  Graf: LNG storage and distribution 
•  Rosetti Marino: manufacturing of naval equipment powered 

by LNG 
•  Gesmar: management and use of tugs fed with LNG 
 
Innovation Center: 
•  CIFLA (Centro Innovazione - Fondazione Flaminia) 

http://www.cleanportravenna.it 



Uso dell’energia e qualità dell’aria ... 22 

 
Prof. Andrea Contin 

Director 
Interdepartmental Center for Research  

on Environmental Sciences 
 

andrea.contin@unibo.it 
 


