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Introduction

 Alarming levels of GHGs (CO,, CH,, NO,) emissions

* R&D development: Focused on minimising GHGs, N,
energy and water footprint

» Area: energy saving, improving efficiency of fossil
fuel installations etc.

 Sustainability: Economic vs Environmental vs Social

* Provide appropriate system models & supporting
efficiently decision making on sustainabllity issues
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Total Annual GHG Emissions

+2.2%ly
2000-2010

+1.3%ly
1970-2000

Gas

W F-Gases

H NO

W CH,

W CO,FOLU

W CO, Fossil fuel and
industrial processes

1970 1975 1980 1985 1990 1995 2000 2005 2010

(FOLU - Forestry and other Land Use, F-Gases = Fluorinated Gases). .
Developed from (IPCC 2014)



y

@@dewes US Balance: &
Economy Wide Losses

Coal 51.1%

Conversion Losses
£3.9%
More than two-thirds of the
fuel used to generate power in

Natural Gas 16 0% the LS. is lost as heat

Plant Use 1.7%

T&D Losses 3.1%
Petroleum 0.2% Residential 11.1%
Mher Gases (.47
Gommercial 10.6%

Huclear Electric Power 19.6% Industrial 8.2%

Other 0,16% et Imports Transportation 0.1%
Unaceounted for 0 46% of Electricity Direct Use 1.3%
Henewable Energy 10.9% 0,1%

<www.gulfcoastcleanenergy.org/CLEANENERGY/CombinedHeatandPower/tabid/1698/Default.aspx>
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The Topics

« Several topics can be researched with maximal impact

1.

The human dimension of sustainability (social
sustainability): Haze footprint, quantifying the threats to
human health

Selection of environmental impact indicators. Multiple
footprint-connection, choice of the keys one, system
behaviour

Key energy ratio: guiding decision making
Energy water nexus and considering the food dimension

Solution side: Sustainable process integration
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@dewes The Role of Environmental Modelling &%

In Process Optimisation

* |[dentification of environmental models
possesses 3 unigue features that make
their validation particularly burdensome

UNIVERSITA DEGLI STUDI and error-prone
DI GENOVA

Prof Vincenzo Dovi

l (,‘

* Give rise to 3 main problems.

« Examining  different scenarios and
possibly identifying a new metric capable
of combining goals, uncertainties and
precautionary criteria capable of obtaining
a wide consensus might help improving
the overall system optimisation process.



@dewes Integration of Power, Heating, Water &r//>
and Transport Systems, using Excess
INn one as Resource In the Other

« Transition to decarbonised energy systems s
becoming more attractive.

» Further penetration of renewables: integrating power
and heating/cooling systems. In countries with low
heat demand = water supply system.

Prof Neven Duic , gjactrification of personal car transport

» Electric cars due to low daily use may be excellent
for demand response and even for storage potential,
through vehicle to grid technology.

« Allow reaching 80% renewable in energy system,
remaining 20% needs technology breakthrough.

 Integration is discussed at different time levels, day
ahead, hour ahead, 15 min ahead, secondary and
primary reserve level, as well as capacity markets
and balancing.



@sdewes Optimal Synthesis of Sustainable <V/s
Systems by Considering

Sustainability Measurement

* Roles of Sustainable Systems Engineering
In the sustainable developments

ﬂ
I
Univerza v Mariboru « Chemical and Energy Supply chains

Prof Zdravko Kravanja

 Sustainability measurement e.g.
Sustainability Profit, Sustainability Net
Present Values, two step superstructure
approach, total footprint, total LCA indexes

* The principles and illustration in case study

Zdravko Kravanja*, Lidija Cuéek, Zan Zore



@sdewes Minimisation of Resource Intake and &r//>
Emissions in the Era of the
Instantaneous Gratification

* The ever increasing demand for the basic
necessities of life and the drive for ‘modern’

queens niversity  technology and lifestyles is leading to a fast
m Belfast spiral of ‘disposable’ living.

Dr Aoife Fole : :
J * |Is this the root cause of continued global

warming, economic  migration  and
geopolitical and economic uncertainties?

¥

e Lanyon North
-
& S Admissions
| \ e

~ * How can the needs of the individual,
| society and the planet be proactively
balanced such that the aspirations of all are
met sustainably considering social equity,
economics and the environment?
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Key Energy Ratios

« Reducing GHGs through using less fossil fuels

for energy production

 Providing technical solutions and share

findings In a way the community can
understand

* Introduction of Energy Ratios

* |llustrate the trade offs involved in choosing

between energy system or technologies

 Thermodynamics or the science of energy

governs the constraints. Thermodynamic
principals.



(@) Towards Sustainable Sea <Y
Transportation

« Transportation is one of the largest contributors
to GHG emission and other pollutants.

p— o * Smog related and shipping activities |
. UNIVERSITY assessment is relatively less established in

OF TECHNOLOGY optimisation study

Ms. Yee Van Fan

Intermodal
Transport

< Emission Measurement Vv
s Assessment approach for decision

« Sum up five issues to be considered in
assessment

)



21st Conference on Process Integration, __—
Modelling and Optimisation
for Energy Saving and Pollution Reduction
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SPIL Project

BRNO FACULTY

:

UNIVERSITY OF MECHANICAL
RGNS  NETME Centre

« Supported by Operational
Programme Research,
development and education

« Motivated by the alarming
values of GHG

« Objective: achieve unique and
practically applicable findings
that may help increase the
efficiency of the processing
Industry and power engineering

- « Minimise the greenhouse,
<netme.cz/cs/sp|I/> nitrogen, ecological and water

footprints.

Varbanov, KlemesS, SDEWES 2017, Dubrovnik, 06/10/2017



/s High and Growing Energy Demands
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www.eia.gov/totalenergy/data/annual/pdf/aer.pdf (accessed 19.02.14).

Varbanov, KlemesS, SDEWES 2017, Dubrovnik, 06/10/2017



US GHG Emissions in 2015

Agriculture
9%

:

https://www.epa.gov/sites/production/files/styles

3 /large/public/2017-04/totala.png

Commercial &
Residential
12%

Electricity
29%

Industry
21%

Transportation
27%

U.S. Environmental Protection Agency (2017). Inventory of U.S.
Greenhouse Gas Emissions and Sinks: 1990-2015.

Varbanov, Klemes$, SDEWES 2017, Dubrovnik, 06/10/2017 4



Hangzhou, National Tea Museum
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Well Used in China

Varbanov, KlemesS, SDEWES 2017, Dubrovnik, 06/10/2017
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<www.bikesharingmap.com>

Varbanov, KlemesS, SDEWES 2017, Dubrovnik, 06/10/2017
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Barcelona

,‘/, : =

e a | T S e U
e P

N S

-

By I,, CC BY 2.5,
- https://commons.wikimedia.org/w/index.php?curid=2226096

Varbanov, KlemesS, SDEWES 2017, Dubrovnik, 06/10/2017



Belgium

:

A line of bikes at a Villo! station.
<en.wikipedia.org/wiki/List_of bicycle-sharing_systems#/media/File:VilloStationAlmostFull.jpg>

Varbanov, KlemesS, SDEWES 2017, Dubrovnik, 06/10/2017 10



Social Impact

g

* Increased Connedctivity: up by 40-45 %
* More exercise: rise 35-40 %

« Equitable Transportation to Lower Income
Areas

<www.academia.edu/7934412/The_Impact_of Bikesharing_White Paper_on_the_Social Environmental
and_Economic_Effects of Bikesharing>

Varbanov, KlemesS, SDEWES 2017, Dubrovnik, 06/10/2017

11



<V Environmental Impact

SUV (solo driver)
Car (solo driver)
Airplane®

Prius (solo driver)

Carpool (3 occupants)

Transit bus (3/4 full)

In 2013, Denver B-Cycle users spared the
atmosphere 1,028,836 pounds of CO2

Rail (50 riders per car) emissions and rode about 560,424 miles.

Walk/bike
| | | | | | | | |
0O 02 04 06 08 10 12 14 16 18

Pounds CO; (or equivalents) per passenger-mile

*Aircraft emissions are the most variable. Use an online calculator,
such as Atmosfair.com, to estimate the climate impacts of your flight.

Sightline

INSTITUTE

<www.academia.edu/7934412/The_Impact_of Bikesharing White Paper_on_the Social Environmental

and_Economic_Effects_of Bikesharing>

Varbanov, KlemesS, SDEWES 2017, Dubrovnik, 06/10/2017

12
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<Y/s Overall Potential Benefits =3

 Reduced emissions
« GHG
» Toxic releases from fuel combustion
« Particulates

* Improved health, increased transport
availability

 Choice and convenience, reduced travel times
and costs, and improved travel experience

Varbanov, KlemesS, SDEWES 2017, Dubrovnik, 06/10/2017 13



</ Spread in China: What and Why S5

* Elsewhere: have existed for almost fifty years
(Ricci M., 2015. Bike sharing: A review of evidence on
Impacts and processes of implementation and operation.

Research in Transportation Business & Management, 15,
28-38, DOI: 10.1016/j.rtbm.2015.03.003)

* Not pervasive until now

* CHINA:
» Take from anywhere Iin the local community

* Leave anywhere
« => FLEXIBLE

Varbanov, KlemesS, SDEWES 2017, Dubrovnik, 06/10/2017 14



Simple: DOCKLESS

e Solar panels

« Smart locks

* Real-time position
tracking

Varbanov, KlemesS, SDEWES 2017, Dubrovnik, 06/10/2017

15
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S Spread in China: How

 SIMPLE TO USE
* Mobile applications for each company
* Very low cost and easy to pay (by mobile!)

 Very good infrastructure and maintenance — no
broken bikes or flat tyres

* Low-cost down to USD 45 per bike

(www.techinasia.com/talk/bike-sharing—china-future)

 => PERVASIVE

Varbanov, KlemesS, SDEWES 2017, Dubrovnik, 06/10/2017

16
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What is the Future?
Shared Electirc Cars?

6 Electric Car-Sharing Programs Better Than a
Billion Teslas on the Road

Bryan Lufkin
3/31/16 6:45pm « Filed to: TESLA

Varbanov, KlemesS, SDEWES 2017, Dubrovnik, 06/10/2017
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https://gizmodo.com/6-electric-car-sharing-programs-better-than-a-billion-t-1766904615
https://gizmodo.com/6-electric-car-sharing-programs-better-than-a-billion-t-1766904615
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Integration of power, heating, water and
transport systems, using excess in one
as resource in the other

Prof.dr.sc. Neven Duic

Power Engineering and Energy Management Chair
Department of Energy, Power Engineering and Environment
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University of Zagreb, Croatia
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~ Surplus heat today in Europe

80
n
S0 ——
60
=
E 50 Non-specified
ﬂ m Non-energy use
< 40 -
E - =
530 - = Electricity
= Heat for Industry
g0 T Heat for Buildings
T —
b

0

Primary Energy Fmal Cunslmmtmn End Use
Supply
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S. Vincente, Cape Verde

Currently — 20% wind

Water (desalination) — power integration

* Power up to 88% of RES 55 e,
« Water up to 76% of RES:

'''''

mmmmmmmmmm

DEPARTMENT OF ENERGY, POWER ENGINEERING AND EN=
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ECOFYS

€2012/MWh
0O 50 100 150 200 250 300 350 400
Hard coal —
Natural gas e (N
Oil - B S
Nuclear -
Biomass dedicated ——h
Solar PV - rooftop (small scale) - 2012 ﬂ
Solar PV - ground (utility) - 2012 * s
Solar PV - rooftop (small scale) - 2008 \ : 3
Solar PV - ground (utility) - 2008
Wind onshore * -

Wind offshore * -

Wind offshore - including transmission o
Hydropower - Dam =1
Hydropower - Run-of-river

|
Geothermal |#

Blue bars: Levelised costs at realised full load hours
Grey bars: Levelised costs at technically feasible full load hours

LCOE - various technologies

DEPARTMENT OF ENERGY, POWER ENGINEERING AND ENVIRONMENT
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Demand response

» 20th century energy systems:
supply follows demand

» 21st century energy systems:
demand follows supply -> smart
energy systems

DEPARTMENT OF ENERGY, POWER ENGINEERING AND ENVIRONMENT



University of Zagreb ‘ O
Faculty of Mechanical Engineering and Naval Architecture

DEPARTMENT OF ENERGY, POWER ENGINEERING AND ENVIRONMENT

aroduction in Germany in week 18 2016

@ Import Balance @ Conventional = 100 MW Wind
Solar @ Day Ahead Auction (right axis) @ Intraday Continuous Average Price (right axis)
Q Intraday Continuous Low Price (right axis) (O Intraday Continuous High Price (right axis)
80.00 200.00
70.00 175.00
60.00 150.00
50.00 125.00
4000 10000
= )
< ﬁ
p 30.00 75.00 =
= =3
o =
“ 2000 5000 3
10.00F 25.00
0.00 0.00
10.00 -25.00
-20.00 -50.00
02.05. 00:00 02.05. 16:40 03.05. 20:26 05.05. 00:13 06.05. 04:00 07.05. 07:46 \ IDB.D5. 23:00
Date
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Power to heat
Skagen District Heating, Saturday, 2011-01-01 to Friday, 2011-01-07/

20
g00 || | Fetching data... L 25
500 1 25
_ 22
S 20
: o o
= o
. ‘ 15 =
[=} 12 % Spot price
_E yg ™~ |~ Heatconsumption
6'_ ________________ _________ CHP 1
' 8 CHP 2
h B CHP 3
2 El-boiler
-0 m Ext. heat delivery
a Gas-boiler
— 250 4 — Storage content
= 2004 — Storage capacity
E— 150 1
© 100
o
I 5|:| 4

DEPARTMENT OF ENERGY, POWER ENGINEERING AND ENVIRONMENT
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Demand management

» Electromobility

» Only personal cars and short distance utility
vehicles, 774000 PHEV and BEV sold in

2 O 1 6 (http://www.ev-volumes.com/country/total-world-plug-in-vehicle-volumes/)

» |If RESe 80% reduction of primary energy

» Fast charging 70 kW — huge problem if left
uncontrolled, ex AT, 4 mIn cars arrives home,
plugs in — 280 GW (14 GW installed cap)

» Smart charging — market based, smoothing
the demand

DEPARTMENT OF ENERGY, POWER ENGINEERING AND ENVIRONMENT
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Surplus Electricity Production
Including grid sthilis ation

a0 /, 3
40 ——Fef
/ —— D Wreg
E ol / +HP req
—— Trars
L / /-
10

4] =l gl 100
Wind power per cent




nnnnnnnnnnnnnnnnnnn

aaaaaaaaaaaaaaaaaaaaa
Chemical Engineering

Optimal Synthesis of Sustainable
Systems by Considering
Sustainability Measurements

Zdravko Kravanja, Lidija Cuéek and Zan Zore

Faculty of Chemistry and Chemical Engineering, University of
Maribor, Slovenia

Panel session at SDEWES 2017, Dubrovnik, Croatia, October the 6t", 2017



University of Maribor

Sustainable Development: Blue Map — New @

e Scenario for CO, Emissions

. 3-5°C
o 0,
O . Baseline emissions 57 Gt ------------------— WCCS 19%
O 55 M Renewables 17%
© 50 " Nuclear 6%
457 M Power generation efficiency
40 — and fuel switching 5%
357 M End-use fuel switching 15%
30— .
o5 ] ™ End-use fuel and electricity
2 efficiency 38%
20 —
15—
10 — 1_2 OC
R O DI AR e RE P
51 WEO 2009 450 ppm case ETP 2010 analysis
0 | | | | | | | |

2010 2015 2020 2025 2030 2035 2040 2045 2050

Fig. 19: Blue Map scenario and key technologies for reducing CO2 emissions
OECDI/IEA. Energy Technology Perspectives 2010, Scenarios & Strategies to 2050, http://www.iea.org/techno/etp/etp10/English.pdf

Sustainable Systems Engineering can contribute significantly!

Panel session at SDEWES 2017, Dubrovnik, Croatia, October the 6th, 2017 2



- Emissions trends in countries @
e from 1990 - 2015

10 e Reduced coal use in China
9 =R largely accounts for the
8 plateau in emissions
Vi

2000

(o)}

e

o

—
1 - - P /

Data: CDIAC/GCP

GtCO, per year
[#)]

[ 4

1980  Ching <2012 USA Eurcpean Union Russia Japan India Canada South Africa
s I - @ —— .—-—’___.—.
1990 Mexico 2015 Australia South Korea Saudi Arabia Iran Brazil Indonesia Turkey

Flg 2:Emissions trends in countries (R. Pidcock (2016) https://www.carbonbrief.org/what-global-co2-emissions-2016-

mean-climate-change after Le Quéré, C. et al. 2016)

Panel session at SDEWES 2017, Dubrovnik, Croatia, October the 6%, 2017


https://www.carbonbrief.org/what-global-co2-emissions-2016-mean-climate-change

Faculty of Chemistry and
Chemical | Engineerin, 2

' Projection of CO,, Emissions &

1001 /High emissions leading 32_(5?0(,{
to dangerous warming
A [ &

__80- ||
5 |
% |
8 60 |
b5 = 2016 : Country pledges (NDCs)
o projection sseine for 2030 exceed the
8 40 e warming limit of the
s - Paris Agreement
_
S .
oN
O ; s

Decreasing emissions W

0 - compatible with a well 0
below 2°C warming IimitJ 0.6:2 3°C
Data: CDIAC/GCP/IPCC/Fuss et al 2014/Rogelj et al 2016 .
-20

1980 2000 2020 2040 2060 2080 2100

Flg 3:Pr0jECtiOn of gIObaI C02 emissions (R. Pidcock (2016) https://www.carbonbrief.org/what-global-co2-
emissions-2016-mean-climate-change after Le Quéré, C. et al. (2016) based on Rogelj et al, (2016))

More efficient and faster reduction of CO2 emissions needed!

Panel session at SDEWES 2017, Dubrovnik, Croatia, October the 6%, 2017 4


https://www.carbonbrief.org/what-global-co2-emissions-2016-mean-climate-change
https://www.dropbox.com/sh/9j5c5e237lboixt/AADhGuzfseOoOPnnRbTTr9XJa?dl=0&preview=essd-2016-51-typeset_manuscript-version4.pdf
http://www.nature.com/nature/journal/v534/n7609/abs/nature18307.html

Simultaneous approach to
Sustainable System Synthesis (SSS) @

eeeeeeeeeeeeeeeeeee

Basic governing principle of SSS is to select and adjust
constitutive elements from the view of maximizing the system's

overall sustainability

How?
By exploring to the maximal extent:
 Inherent interations and
« External interactions by widening system’s borders

Simultaneous overall systems approach!
Cross-sectorial mass and enerqgy intergration!
Circular economy!

Panel session at SDEWES 2017, Dubrovnik, Croatia, October the 6%, 2017



Faculty of Chemistry and
Chemical Engineering

m'm  System-wide supply network synthesis &

j . Stor%
-5 processing , e
6@ Farm% C Plants
P ey :roducts,
C ‘('s:} ... Seeds | Process “"9 cmand
o i - JJ processes
g $ DlStnbU@
W DNA Gngle and multlp.haa
systems, materials
Converting
s (=
thin films
cr— C Collec@
. Q& MoIecB enemy

3 g

@Hﬁﬁgqﬁ cluster
elastic, chemical, radiant

% Molecules and thermal energy

Lentgh scale

Timescale

Kinetic, potencial,

»
>

Fig. 4. System-wide supply network at the continental scale (zore et al., 2018)

New alternatives and interactions give rise to WIN-WIN SOLUTIONS

Panel session at SDEWES 2017, Dubrovnik, Croatia, October the 6%, 2017 6



Sustainability indicators and metrics g@
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« Economic, environmental and social

« From qualitative to quantitative

« Widely vary in scope and scale

« At least 140 indicators (Singh et al., 2012)

« More than 500 efforts to develop quantitative indicators (Parris
and Kates, 2003)

« Single indicators, Set of indicators, Composite indexes
(weighting, normalisation, monetary-based)

« Different comprehension (different perspectives)

Panel session at SDEWES 2017, Dubrovnik, Croatia, October the 6%, 2017 7



kool Environmental indicators @

« Resource usage indicators, solid waste, material and energy intensity,
product durability, etc. (Azapagic and Perdan 2000)

« Mid-point indicators of potential environmental impacts:
v global warming potentials, acidification potentials, ozone depletion
potentials, eutrophical potentials...

« End-point categories of impacts:
v" human health impacts in terms of disability adjusted life years,
climate change, changes in biodiversity...

« Environmental footprints:
v’ carbon, water, ecological, energy, nitrogen...

« Aggregated measures:
v eco-indicator 99, Environmental Priority Strategy, eco-scarcity
method, pollution index...

. Eco-cost (Vogtlander et al., 2010), eco-benefit and eco-profit (Cuéek et
al., 2012)

Panel session at SDEWES 2017, Dubrovnik, Croatia, October the 6%, 2017 8
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« Qualitative, quantitative and semi-quantitative

« Unemployment, wealth gap, number of people living below the
poverty line, occupational health and safety, child labor, working
hours, issues concerning discrimination, violation of human
rights, corruption...

«  Work environment footprint (DeBenedetto and Klemes, 2009)

« Social indicators could be divided into ethics and welfare
Indicators (Azapagic and Perdan 2000)

« Ethics indicators:
v' child labor, fair prices, corruption, intergeneration equity...
« Welfare indicators:

v' income distribution, work satisfaction...

Panel session at SDEWES 2017, Dubrovnik, Croatia, October the 6%, 2017 9



L. ] Sustainability indicators V2,

« Only few integrate economic, environmental and social aspects

« Examples of composite indexes considering all three aspects:

v Sustainability Performance Index (Krotscheck and Narodoslawsky
1996)

Human Development Index (UNDP 2000)

Genuine Progress Indicator (Cobb et al. 1995)

Eco-efficiency (Keffer et al. 1999)

Composite sustainable development index (Krajnc and Glavic 2005),
Composite sustainability performance index (Singh et al. 2007),
Dow Jones Sustainability Index (S&P Dow Jones Indices 2016)

Sustainability profit (Zore et al, 2017), and sustainability net present
value (Zore et al, 2018),...

v' Major advantages: multidimensionality, use of normalization and
aggregation which are scientifically based (Singh et al. 2012).

AN NN Y N NN

Panel session at SDEWES 2017, Dubrovnik, Croatia, October the 6%, 2017 10



e Concepts
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° Damage assessment
— Conventional approach
— Measure of direct harmful effects (footprints..)

* Prevention-based approach
— Concept of eco-cost (www.ecocostsvalue.com/, Vogtlander et al., 2010)

* Prevention Cost-Benefit approach
— Besides damage it consists of unburdens or benefits

— Sustainability profit / sustainability net present value
(Zan, Cugek, Kravanja, CACE 2017)

Panel session at SDEWES 2017, Dubrovnik, Croatia, October the 6%, 2017
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e Selection of sustainable alternatives @

nnnnnnnnnnnnnnnnnnn

1. Incomplete measurements for sustainability is one of the major
limitations of LCA methodology

Consequences: poor or wrong solutions and decisions!

2. More advanced concept and measurements are needed

a) Indirect unburdening effects on the environment have to be
considered too, besides the direct burdening one

b) Social dimension has to be considered too, besides economic and
environmental one

c) Could these dimensions be expressed by terms of equal units, to
obtain appropriate trade-off solutions

d) Circularity indicators should also be considered in order to reduce
the consumption of resources

Panel session at SDEWES 2017, Dubrovnik, Croatia, October the 6t, 2017 12



- - LCA-based System Synthesis:

L Direct and Indirect Effects @
Raw materials, which Products, which burden
burden the environment if the environment related
they are processed 7 to processing, disposal,
DIRECT impacts \ and transportation
(BURDEN) DIRECT impacts

(BURDEN)

Raw materials, which mainly
unburden or benefit the
environment , e.g. utilization
of waste rather than deposit

Products, which also
unburden or benefit the
environment due to products’

) substitution
INDIRECT impacts INDIRECT impacts
(UNBURDEN) (UNBURDEN)

TOTAL effects = INDIRECT + DIRECT effects
(unburdenning)  (burdening)

Eco-profit(€/yr) = Eco-benefit - Eco-cost

(unburdenning) (burdenning)

Panel session at SDEWES 2017, Dubrovnik, Croatia, October the 6t, 2017 13
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= LCA-based Synthesis Approach V2

Sustainability profit (€/yr) = Economic profit + Eco-profit + Social profit

max SP = PEconomiC(y’X) + PECO(y’X) + pSociaI(y’X)

s.t hs(xy) =0
gis(x,y) < 0 ol eLevel
Bisy + Cisx <b SLEVEIS,
Y 7 X = Dis v S e Supply chains
XeX = {Xx eR"x<x <xU"}
—_ m
y < Y . {0’1} Eco-Profit
Bearability Viability
Profit Profit
Sustainability
Profit
Social Economic
Profit Equitability Profit
Profit

Panel session at SDEWES 2017, Dubrovnik, Croatia, October the 6t, 2017 14
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d- Conclusions @

Significant resource and emission reduction can be achieved by
applying:

« Composite sustainability objectives such as Sustainability profit
where optimal trade-offs between economic efficiency,
preventing burdening of environment, and creating new job
positions can be obtained

« Integrated simultaneous approach across system-wide supply
networks

« Cross-sectorial mass and energy integration

« Other principles of circular economy

Panel session at SDEWES 2017, Dubrovnik, Croatia, October the 6%, 2017 15
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Minimisation of Resource
Intake and Emissions in the
era of the Instantaneous
Gratification

Dr Aoife Foley
Queen’s University Belfast
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Push & Pull

* The ever increasing demand g
for the basic necessities of life = &8k
(i.e. fresh air, food, sanitation,
energy and water) and the
drive for ‘modern’ technology
and lifestyles (e.g. Wi-Fi, fast
cars, beauty products, paper
cups, Botox, fake tans etc.) by
young and old alike in
developed and developing
countries is leading to a fast
spiral of ‘disposable’ living.

Friday 6th October 2017: Sustainable Process Integration: Simultaneous Minimisation of Resource Intake and Emissions
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Gratification

 Is this disposable instantaneous gratification attitude in
some strata of society really the root cause of continued
global warming, extreme weather events, economic
migration and geopolitical and economic uncertainties?

ffob\ems real problems

Friday 6th October 2017: Sustainable Process Integration: Simultaneous Minimisation of Resource Intake and Emissions
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Balance

* How can the needs of .. P

the individual, society A -
RESEARCH CONCLUDES: A TE,
and the planet be oy S s

\E CAN ALL UNDERSTRND?

proactively balanced
such that the
aspirations of all are
met sustainably
considering social
equity, economics and
the environment?

Friday 6th October 2017: Sustainable Process Integration: Simultaneous Minimisation of Resource Intake and Emissions
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Commitment

* In an era of instantaneous millisecond knee jerk
reactions and responses on social and mainstream
media, is the genuine commitment of the individual to the

whole missing?

Y bae@ 9h
"4 Finally got my debit card! Love the
blue % ¥ .

Friday 6th October 2017: Sustainable Process Integration: Simultaneous Minimisation of Resource Intake and Emissions
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Roadmaps

. Despite the best attempts of |[MANAGING | [ -t woneale
politicians and regulators and R I SK
the warnings of the world o Jhn ook
foremost thinkers, scientists
and engineers on the How might this
. . approach work in

Importance of sustainable other areas?...

development the spiral of the

‘self’ seems to continue vocsayssmaing  tcantsay | | ieunkly  Icantsay e any

unabated.

of cancer agood idea. accident.

Friday 6th October 2017: Sustainable Process Integration: Simultaneous Minimisation of Resource Intake and Emissions
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ENVIRONMENT SYSTEMS

October 4-8, 2017, Dubrovnik

Integrated Systems

 Renewable energy
technology, greenhouse
gas emissions reduction
targets and energy
efficiency targets in a
multi-systems-
Interaction and -
Integration approach
have a vital role to play,
but what is missing in
terms of human
commitment?

Friday 6th October 2017: Sustainable Process Integration: Simultaneous Minimisation of Resource Intake and Emissions
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Thank you!
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Global Energy Challenge

Reduce fossil fuels from 81%

Data: BP
5000 ;

W
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Energy Consumption (Mtoe/yr)
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Annual growth rates |
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1

Coal

Qil

Gas

Nuclear Hydro Other
Renewables

Source: BP 2016; Jackson et al 2015; Global Carbon Budget 2016



Global CO, emissions reduction challenge

100 1 High emissions leading 382;58?0150
to dangerous warming
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Political Reality

Recent NZ election, Sept 2017

w

Climate change is our
generation’s nuclear-free
moment - and New Zealand led
by a Labour government will
tackle it head-on

Jacinda Ardern

Leader of the New Zealand
Labour Party

Won 36% of the vote plus Greens 6% = 42%




Current NZ Government since 2008

% DELIVERING FOR
# NEW ZEALANDERS

*, PAR.TY VOTE
National

We will develop a plan to reduce emissions while growing the
economy and jobs.

We will not place unnecessary costs on business.

There is no point in shutting down businesses in NZ, only for them
to go offshore to less environmentally friendly places.

Won 46% of the vote



‘Fake News’

INFOWUAIRS

RADIO SHOW NEWS  VIDEOS STORE TOP STORIES ~ BREAKING NEWS  CON

REPORT: NO GLOBAL WARMING FOR 215 MONTHS

So-called “pause” in global warming has baffied climate scientists

Michael Bastasch | Daily Caller - SEPTEMBER 8, 2014 @ Commenis

|

THE DONALD TRUMP INTERVIEW

"I'M NOT A BIG BELIEVER IN GLOBAL WARMING"

9:17 AMET




New Zealand Energy Strategy Document

Written by a person from the

New Zealand Energy MiniStI‘y Of EnVironment.
Strategy to 2050

Powering Our Future

Towards a sustainable
low emissions energy system

Qualifications:

Major in communications !!!




Making our voice heard

MAY 2010 SSUE S

The Chemical Engineer

NEWS AND VIEWS FROM THE PROCESS INDUSTRIES, BROUGHT T0 YOU BY THE INSTITUTION OF CHEMICAL ENGINEERS

General article for non-specialists

Won global best paper award in
2016

Concept of ‘Energy Return on
Investment’ (EROI) explained
and illustrated



Three Energy Ratios

* Energy Return on Investment - EROI (Hall, 1984)

* Various definitions, systems boundaries

« How much return on investment?

 Energy Payback Time — EPT (Palz & Zibetta, 1991)

* How fast is the repayment of energy?

* Primary Energy Factor — PEF (Fritsche and Grel3, 2015)

« How much resource Is consumed?



Energy Return on Investment (EROI)

------ EROI = —

Energy
production

Energy
cost
Construction

(Con) |

Start of
project

Walmsley, M.R.W., Walmsley, T.G., Atkins, M.J., Kamp, P.J.J., Neale, J.R., 2014. Minimising carbon
emissions and energy expended for electricity generation in New Zealand through to 2050. Applied
Energy 135, 656-665.



Energy Ratios - Renewables

Generation losses i Transmission losses

REMEWABLE GENERATION n= I|fe Of p|ant (yr)
Co T
! EROI_,, i
! : Direct & indirect @nergy inputs
| 1
. . |
I i | l Society /
: : econonmy
i m — +Ean9mtlun —}m% ﬁTﬁlnmlsﬂm — m ill‘h
; v ; v
l
|
I

———————————————————————————————————————

Energy Return on Investment EROI =A/B
Energy Payback Time EPT =B/ (A/n)

Resource Utilisation Factor RUF=A/(B +C)
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Energy Ratios — Non Renewables

FOSSIL FUEL GENERATION n = life of plant (yr)

Direct & indirect energy inputs

i Society /
economy

B -

| Extraction,
] ﬁ. processing &
I distribution

:a X X
ool o y
Energy Return on Investment EROI,,,=Al/ Bl
EROIl,,, =A2/(B1 + B2)
Energy Payback Time EPT,., =(B1+B2)/(A2/n)

Resource Utilisation Factor RUF,.,,=A2/(B1+B2+C)



13

EROEI Energy Resource Comparison

High EROI more favourable economics

High'Y_ 100
Economic . Renewables more variable EROI
EASY T - Site dependent
80 « Climate dependent
o « Technology development
60
A 5]
40 4
30
20
Less 10 1
Economic
HARD

[Gupta & Hall 2010]



EROI Resource Life Cycle

PROFITABLE
PHASE
EROEI A Technology, : : :
E:{PEITISE, Lﬂng—SCﬂlE.' implementatiﬂns Limited
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I I
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Big challenge for renewables

Time value of energy
Lots of energy has to be invested at the start of project

Where EROI is low e.g. Solar EROI <10, energy pay
back can be many years

GHG emissions peak arises from new installations




How does the EROI
relate to Emissions?



Relating EROI to GHG Emissions for
electricity generation

Emissions factor Emissions factor Emissions factor

electrical thermal fuel
/ EF / 1 1 :
Fene =| | EF +— (] +EF; — |nE
GHG K el (:Bom(el)) o ( :Bom(el))j EROIext f 770} net
N N 4

GHG emissions from energy for
equipment, construction, M&O

Total GHG emissions

footprint Net energy out

SDEWES paper Sunday 10:20am Room A



Relationship between EROI & GHG
Footprint
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GHG emissions scenario analysis

Emissions (kt CO2-e)
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GHG emissions peak
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T Transportation

* One of the largest GHG contributors

« 26 % of the total GHG emissions, US (EPA, 2017)

EPA (United States Environmental Protection Agency), 2017. Sources of greenhouse gas emission.
<www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions> accessed 8 April 2017.

« 23.2 % of EU-28 (Eurostat, 2016)

Eurostat, 2016. Greenhouse gas emission statics. <ec.europa.eu/eurostat/statistics-
explained/index.php/Greenhouse_gas_emission_statistics> accessed 8 April 2017.

« Responsible for other negative externalities (Eurostat,

2017) . Eurostat, 2017. International trade in goods. ISSN 2443-8219. < ec.europa.eu/eurostat/statistics-
explained/index.php/International_trade_in_goods> accessed 13 June 2017.



Transport vs Non-Transport

100% — —
[ ]

00% . . = E B -

80% - Remarks:

70% I « The concern on the

pollutants in

60% utants
50% optimisation study
0% (e.g. waste to energy
0° planning, freight
30% transports mode choice)
20% is relatively less
10% established.
0% : tribg i :
« LCA Distribution study:
CO NMVOC NOx SOx PM10 PM2.5 GWP relatively y
Non-transport sectors ® Road transport exhaust common than POCP
Road transport non-exhaust m Railway
Domestic shipping ® International shipping
® Domestic aviation ® International aviation

Dataset from EEA (European Environment Agency), 2016. Emissions of air pollutants from transport.

<www.eea.europa.eu/data-and-maps/indicators/transport-emissions-of-air-pollutants-8/transport-emissions-of-air- 3
pollutants-4 > accessed 20 June 2017.



Transportation: Ship

« Mainly focusing on land transportation, the road vehicles.

« More than 80 % of world trade is carried by shipping
iIndustry (UNCTAD, 2015)

UNCTAD (United Nations Conference on Trade and Development), 2015. Review of maritime transport, United
Nations Publication, eISBN 978-92-1-057410-5.

* Likely continuing to increase due to the increase of
global scale trade.

Yo'

Cérgo, Red= Tankers

Real-time ship traffic
Green.



Transportation: Ship

International aviation L

Domestic aviation L !
PM

’u International shipping | p—— - > SOx
Domestic shipping -

Railway &=

Road transport non-exhaust ™=

0 1.000 2.000 3.000 4.000 5.000 6.000
Amount of emission (kt/y)

mPM2.5 mPM10 m SOx m NOX NMVOC CO

Dataset from EEA (European Environment Agency), 2016. Emissions of air pollutants from transport.
<www.eea.europa.eu/data-and-maps/indicators/transport-emissions-of-air-pollutants-8/transport-emissions-of-air- g
pollutants-4 > accessed 20 June 2017.
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=7 Emission Factor-Example*

. CO,/t-km: Truck= 348 g/tkm MR Ship= 4g/tkm

I
_ Road Transport (Truck) Sea Transport (Ship)
_ 0.00175 0.091
_ 0.127 0.033
_ 0.00136 0.00187
_ 0.272 0.0402

* VOCs, lead, PM,,, PM>10 etc Feoinvent Database
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7 Concentration at Place

D| rty Ten Tianjin China

o Guangzhou, China | 15 |
.._“;-i,:\.'-dg - Q_gf{ -
. Dubai, United Arab Emirates 156 |
Qingdao, China | 173
Busan, South Korea | 178 |
Hong Kong, S.AR., China | 204 |
Ningbo-Zhoushan, China | 206 |
& _
\; o & Shenzhen, China | 242 |
Published by Natlire Publishing Group <www.nature.com/news >
PM,, concentration 0-0.05 ~ 0.05-0.1 =0.1-0.2 Singapore [T a0e ]
(ug per m®) = 0.2-05 m05-1 ml-2 enatre
Shanghai, China [ a6s |
0 10 20 30

Container Volume (MTEU)

Asia Weekly, 2016. Shipping’s dirty secrets by Marc Lajole. <www.projects. asiaweekly.com/shippings-dirty-secrets/>
accessed 12 April 2017.

Wan, Z., Zhu, M., Chen, S., Sperling, D., 2016. Pollution: three steps to a green shipping industry, Nature.
<www.nature.com/news/pollution-three-steps-to-a-green-shipping-industry-1.19369> accessed 8 April 2017.
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Intermodal
Transport

rewmP)

* Method and measurement of emission v

« Assessment approach/framework/ methodology
for decision making needs more development.
(Environmental issues vs time vs cost vs
flexibility/frequency vs reliability/safety)
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Remarks

* 5 issues should be considered towards a better
assessment for sustainable sea transportation:

General

1. Optimisation study/decision making: Environmental x
sustainable solution= | GHGs or only CO, emission.

Freight Transport- Ship

2. Inland or international shipping- not commonly
Include in LCA (distribution stage).

You cannot manage what you cannot measure by Deming (2000) v
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7 Remarks

3. The emissions factors of CO, Is much lower but it
might not for the other harmful pollutants (e.g. SO,). A
longer distance may be needed by ship but it has a
larger capacity

4. The high concentration at one place (big port cities)
could significantly affect the local air quality and
human health.

5. The impact of other activities such as ship scrapping,
container loading, unloading, distribution also
contribute to the pollution. The ship engines are not
always turn off at the berth.

11
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Air emission impact in optimisation study- consider both
GHG and the air pollutants in an overall system

» Especially: Transportation mode, Biomass energy etc.

* Methodology- Criteria, boundary, interaction/
relationship between GHG and air pollutant

* Minimise the potential of footprint shifting

e Support more appropriate decision-making.

12
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