Decarbonising Logistics: Stellenbosch

UNIVERSITY
IYUNIVESITHI

A South African Export Supply Chain Perspective

~ Prof Joubert van E eden” ;
~ Department of Industrial Engineering, Stellenbosch University,

South AfI’IC(Ll _.=l J - 4 _ > e : _ S _ . ooy tefan Els




Agenda

Why is carbon emissions important for SA Exporters
Carbon emissions calculations

Case Study: Fruit Exports - Packhouse to international port

Decarbonising Logistics: Where to next?
SU Initiatives

([ Stellenbosch
UNIVERSITY
IYUNIVESITHI
UNIVERSITEIT




Agenda

Why is carbon emissions important for SA Exporters
Carbon emissions calculations

Case Study: Fruit Exports - Packhouse to international port
Decarbonising Logistics: Where to next?

SU Initiatives

([ Stellenbosch
UNIVERSITY
IYUNIVESITHI
UNIVERSITEIT




Sustainable Development - Just a buzzword or a personal
responsibility?

ALAN McKINNON

“We are facing a man-made disaster on a global scale — irreversible damage to
the natural world and the collapse of our societies”

Sir David Attenborough, 2019
£ DECARBONIZING

“Climate change has evolved from being just another environmental problem to 4 !—295{'(3?” o
potentially the greatest threat facing our civilization™

Prof. Alan McKinnon, 2018
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Why we should care - we only have one world and one life, we need to use it right! @I UNIVERSITY
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Sustainable Development Goals (SDGs) AND Transport

Transport - Integrated into 8 SDGs

PARTNERSHIPS -

FOR THE GOALS @
SUSTAINABLE
DEVELOPMENT
Ga:ALS

(United Nations, 2023)
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Where does sustainable transport fit into the United Nations SDGs? R
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Threat: Should Emissions Really Worry You?

EU setting a global trend - The Carbon Border Adjustment Mechanism (CBAM)'

Energy- and GHG-intensive goods such as:
Cement, steel, aluminium, fertilizers, electricity and hydrogen (and what next???)
EU adamant: All importers to map entire product SC

Timeline for CBAM?
Phased in by 1 October 2023, full implementation by 2026

Financial impact of CBAM?
Africa might lose 5,7%2 of its exports to the EU, equivalent to $16 billion in trade...

Will your business be part of these statistics?

" https://taxation-customs.ec.europa.eu/green-taxation-0/carbon-border-adjustment-mechanism_en
2 https://www.engineeringnews.co.za/article/eu-carbon-border-tariffs-could-knock-16bn-off-africas-yearly-gdp-2023-02-15
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Sustainability
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Key organizations and initiatives are included, and many more exist.

103 organisations
and initiatives!

- @ Smart Freight
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Navigating the World of
Sustainable Freight

* Organisations
 Programmes
* Projects

* Tools

* Interventions
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Council
Framework

Navigating the World of
Sustainable Freight

* Organisations
 Programmes
for Logistics .
Emissions . PrOJeCtS
Accounting and
Reporting  Tools
e * Interventions

B‘ gmart|Freight

entre

Great guidance document for freight logistics!
https://www.smartfreightcentre.org/en/how-to-implement-items/what-is-glec-framework/58/
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Carbon emissions calculations UNIVERSIEIT

- Entity/facility emissions vs End-to-end/life-cycle-analysis SC emissions
* Focus to date has been on entity/facility/region/country
* Translating entity emissions into fair product end-to-end chain emissions

« Emissions calculation dilemma:
* Accurate vs Simplicity
« Comparable locally and internationally

Engineering - EyobuNjineli - Ingenieurswese
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A Carbon Mapping
Framework for the

International Distribution
of Fresh Fruit

Martin Du PlessisZ, Prof JJoubert van Eeden ?,
Prof Leila Goedhals-Gerber ¢

1 Department of Industrial Engineering, Stellenbosch University, South Africa.

2 Department of Logistics, Stellenbosch University, South Africa.
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End of Framework

4
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Start of Framework

d
b B & 5

Packing Fadiiy Loading fruit into Transport by Road ?ﬂ;:jlgguﬁt Cooling/Storage Load fruit into Transport via Road Offload at Ocean Storage at Port Load into Transportation via Arrival at Port
g Refrigerated Truck P Y Facility at Cold Store Reefer Container Transport Port of Export of Export Container Vessel Deep-Sea Transport of Discharge
Emissions Emissions Emissions Emissions Emissions Emissions Emissions Emissions Emissions Emissions

[t J

1. Carbon footprint (ABC kg COse/kg fruit)
2. Total emission value (XYZ kg CO»e) for the distribution chain

Engineering - EyobuNjineli - Ingenieurswese



The scale of emissions: results of typical example [({ Stellenbosch
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The scale of emissions: results of typical example [(\{ Stellenbosch
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Scenarios UNIVERSITEIT

Add losses (%) during L o . Carbon footprint
entire distribution chain Transport via road Description of distribution activity
3.00% transport (Tzaneen-Cape (kg CO,e/kg of fruit)
Town) Transport via road transport 0,1425
22.51% (Tzaneen to Cape Town)
Offloading, inland fruit facility, 0,0570
Offl_o_admg, In.Iand fruit loading (cold store)
facility, Loading (Cold -
store) Transport via road transport (cold 0,0043
9.00% store to port)
Offloading, port of export, Loading 0,0111
(maritime port)
Transport via road Transport via deep-sea transport 0,3991
\ transport (Cold store to (Port of Cape Town to the Port of
Opg;t; Rotterdam)
Transport via deep-sea - Loss percentage of 3% during the 0,0190
transport (Port of Cape distribution chain
Town to Rotterdam) Total 0.6330
63.06% Offloading, Port of ’

Export, Loading
(Maritime Port)
1.76%

Engineering - EyobuNjineli - Ingenieurswese 15



Emission generating activity (7)
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” Step 2: Collect data

Step 4: Calculate Step 5: Calculate carbor]
emissions of activity footprint of activity ]

Step 3: Select emission
intensity factor

f Emission generating_activity (2)

Step 2: Collect data

Step 4: Calculate
emissions of activity

Step 5: Calculate carbon
footprint of activity

\ 4

Step 3: Select emission
intensity factor

Emission generating_activities (n - 1)

We’ll go into the detail of each Step in the next
slides...

Step 1: Identify all emission generating activities

Step 6: Determine overall carbon footprint and total emissions

( Emission generating activity (n) \

Step 2: Collect data

Step 4: Calculate
emissions of activity

Step 5: Calculate carbon
footprint of activity

\ 4

Step 3: Select emission
intensity factor

\_ J
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Step 2: Collect data of each activity @I e
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Distance

Accounting for losses during distribution

Required data per activity
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Step 3: Select emission intensity factors BRI,
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A COMPREHENSIVE SET OF EMISSION INTENSITY FACTORS IS SUGGEST FOR ALL
POSSIBLE EMISSION GENERATING ACTIVITIES




Step 3: Select emission intensity factors
(four modes of transport)

Transportation Research Part D 117 (2023) 103623

Contents lists available at ScienceDirect TR

Transportation Research Part D

www.elsevier.com/

ELSEVIER journal

Calculating Fuel Usage and Emissions for Refrigerated Road
Transport Using Real-World Data

Martin Johannes du Plessis?, Joubert van Eeden®, Leila Goedhals-Gerber ”,
Jacques Else
2 Department of Industrial Engineering, Stellenbosch University, Private Bag X1, Matieland 7602, South Africa

" Department of Logistics, Stellenbosch University, South Africa, Private Bag X1, Matieland 7602, South Africa
 Stellenbosch Business School, Stellenbosch University, South Africa, Private Bag X1, Matieland 7602, South Africa

ARTICLE INFO ABSTRACT
portant in all distribution chains.
vider (LSP) data on a transport
scenarios. Subsequently, this

Keywords: Road freight transportation is and
Emissions However, little research has 2.
Fuel consumption service level to determins

/ 200 000 km were travelled,

Heavy goods vehicles article analyses 147
Refrigeration

3693 tonnes of ¢ Tiesel fuel were burnt. In addition,
Road transport

23 250 hours o on lhc assessed data, a novel formula was
developed cransport service by incorporating the trailer

e s . dlslance and use and time duration of refrig-
\ * tormula enables estimation of the total fuel use (¢),
Oe \' pnnt (kg COe/t cargo) and emission intensity factor

1. Introduction %6 @

Road freight trans,: 0 0( n indispensable part of all freight transportation systems (IEA, 2017). Ac-
cording to the Global Fi ), more goods are transported by heavy goods vehicles (HGVs) than ever — an
estimated 120 trillion tonnd .1 c 917 alone (SLOCAT, 2021). In the USA and EU, respectively 59.3 % and 77.4 % of all
freight is moved by road trat % US Bureau of Transportation Statistics, 2020; Eurostat, 2022). However, in developing
countries such as South Africa, 70 of all freight is moved by road (DoT, 2018).

Road transportation will rema” .n essential part of the vast majority of all supply chains worldwide for the foreseeable future.
Nearly all goods, products and raw materials are transported by road during some parts or the entire distribution process. This is due to
the flexibility, speed, cost, low capital investment in infrastructure and equipment, and ease of using road transport compared to other
modes. However, logistics is entering a new age — from the enabler of international trade to the kingpin of universal sustainability
(Havenga, Witthoft, De Bod & Simpson, 2020).

According to the IEA (2017), the road freight industry consumed nearly 17 million barrels of crude oil per day in 2015 alone,
representing nearly 20 % of the global oil demand and half of the global diesel consumption. Growth in the road freight industry is

Sustainable logistics
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Article

The Carbon Footprint of Fruit Storage: A Case Study of the
Energy and Emission Intensity of Cold Stores

Martin Johannes du Plessis -*(7, Joubert van Eeden '© and Leila Louise Goedhals-Gerber >

Department of Industrial Engineering, Stellenbosch University, Private Bag X1, Matieland 7602, South Africa;
jveeden@sun.ac.za

Department of Logistics, Stellenbosch University, Private Bag X1, Matieland 7602, South Africa;
leila@sun.ac.za

C com

Abstract: Despite their importance in all transportation chains, logistical sites—and in particular
refrigerated facilities—are the weakest link in current emissions literature. This is largely due to a
lack of quantitative research that focuses on these facilities. This article is the first of its kind to assess
the emissions of eight refrigerated facilities that hardle and store fresh fruit. In 2020, the analyzed
facilities moved a total of 646,572 pallets of fre + and emitted 32,225 t of COge. Five of the
largest facilities were responsible for hand? “ the total fresh fruit exported from South
Africa during 2020. The results reveals Q ~ handling a pallet of fruit in a large-scale
commercial cold store requires 7.67 0 ay. Storing and handling fresh fruit is
carbon intensive since cach pal! . e d=1. However, other factors such
as the seasonality and vol- eristics and the availability of solar

electricity systems, am ct on the emissions value of the facility
and on the emissis e : .the facility.
check for

Citation: du Plessis, M.J.; van Feden,  refrig
J; Goedhals-Gerber, L.L. The Carbon

Footprint of Fruit Storage: A Case \, e
Study of the Energy and Emission 6

Intensity of Cold Stores. Suste 6

202,14, 7530. htps:/ /2 0\.

ports; sustainable supply chain

Updates Keywords (e 06 ‘orage; decarbonization; GHG emissions; fresh fruits;

( «ade was at an all-time high of USD28.5 trillion for 2021—an increase of
&'0 (0 pre-pandemic levels [1]. The global economy has evidently recovered

10.3390/5u14137530

Academic Editor: Viadin {tent after the COVID-19 pandemic. Alongside this recovery is an automatic
Received: 26 May 2022 m freight loglsu.cs.smce th.e exchange of ggods snl} rgpxesented 78.2% of the total
Scceptd: 11 Jume 2022 ‘\ al trade (USD22.3 trillion) during 2021 [1]. Freight logistics has been and will always
Publibed: 21 Jume 2022 _e a vital part of the world economy because all supply chains depend on the movement of
goods [2]. If GDP growth remains coupled with international freight flow, the International
Transport Forums (ITF) project that by 2050, freight transport alone will have grown by a
with regard to jurisdictional claims in 4 001 of 2.6 to 345 trillion t-km compared to 2015 [3].
published maps and institutional affil- Tn 2019, the transport sector as a whole was responsible for 8.2 Gt of CO; or 27%
of all greenhouse gas (GHG) emissions [4]. After the industrial and building sectors,
the transportation industry is the sector responsible for most global emissions. This is
confirmed by Wang and Ge [5] from the World Resource Institute (WRI), who estimate
that the transport sector as a whole emitted 24% of all emissions during 2016. Focusing on
freight logistics specifically, road freight, ocean freight, rail freight, air freight, and logistics
This article is an open access article  Sites collectively emit approximately 5 to 5.5% of the total global GHG emissions [6,7]. Other
distributed under the terms and  authors, such as Riidiger et al. [8], estimate that up to 7% of Germany’s total GHG inventory
conditions of the Creative Commons for 2015 is due to freight logistics. Note the difference between freight transport (physical
Attribution (CC BY) license (https://  mMovement of cargo by various modes) and logistics, which includes both freight transport
creativecommons.org/licenses /by / and activities at logistical sites such as warehouses, terminals, and ports. Higgins et al. [9]
107), emphasize the importance and fundamental role of logistical sites in international, national

Publisher’s Note: MDPI stays neutral

iations.

Copyright: © 2022 by the authors.
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hicle description

Description of factor

Emission intensity

(g COme/t-km)

factor

Load type

Empty
Running

Load
factor

Dry

Refrigerated

4x2 Rigid (GUM:214 t, max payload:£8 £)

fxd Rigid (GVM:=24 t, max
paylead:=15 t)

4x2 truck tractor and tandem semu-trailer
(GCM: £34 t, max pavload: =15 1)

6x-l truck: tractor and +

(GVM: 2495 ¢ max pn*

G4 truck tractor and tridem semi-trailer
loaded with £0-foot reefer container
(GCM: =42 t, max payload excl. container:
=281)

Standard mmterlink tautlmer - 6x4 truck
tractor with tandem- tandem tratler (GCM:
=36 t, max payload: =36 1)




Future plans - where to next and potential ({ Stellenbosch
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collaboration?

Fruit production Fruit packing

and harvest and CA-storage Existing PhD framework Distribution activities beyond port of discharge
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Orchard ———3» Packhouse ———» Road transportation —;—) Cold store —;—) transportation —>» Port terminal ——» BETETHEE _ —1— Port terminal —» ~alimoa — DC/cold store —» Road transportation ——»Retail Store
Deep-sea transportation transportation

(reefer container)
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Hierarchy of Intervention - how to go about @l Stellenbosch
decreasing freight emissions
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} Invest

[ Improve

y..
e

Engineering - EyobuNjineli - Ingenieurswese Adapted McKinnon (2018)
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Will being green cost you more?

15
low hanging fruit rebound austerity
10 .
negative / zero positive and rising .h'gh.
mitigation costs mitigation costs mitigation
. costs
7]
2
o Emission reductions —» Targpt
0 1 1 1
) 2 4 6
-5
-10 \ } \ |
\ J
\ | |
minimal investment investment in low internalisation of
emission technologies environmental costs

self-financing
rebalancing of logistical ~ sacrificing growth, return
trade-offs on investment and
profitability

Adapted from Tavasszy (2014) and McKinnon (2023)
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A Limitation or Opportunity? veRsiTE
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ENVIRONMENTAL REGULATORY COMPETITIVE COST SAVINGS REPUTATION AND
IMPACT COMPLIANCE ADVANTAGE BRAND IMAGE
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Department of Industrial Engineering Initiatives

- Sustainable Road Freight (SRF-SA) research group
* Collaboration with SRF centres in UK, India, China
* Focus: Technology, Logistics operations and Policy
» Research via funded projects and international partnerships
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University of the Witwatersrand
A leading centre of engineering

research in Africa PBS Review Panel

University of the Western Cape
Emerging university with expertise
in alternative energy technology
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Tshwane University of Technology
Emerging university with expertise
in adv. manufacturing
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Stellenbosch University
A leading centre of logistics
research in Africa

CSIR
South Africa’s premier national
scientific R&D organisation
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Department of Industrial Engineering Initiatives

Sustainable Road Freight (SRF-SA) research group
Collaboration with SRF centres in UK, India, China
Focus: Technology, Logistics operations and Policy
Research via funded projects and international partnerships
Framework for fruit export emissions:
Collaboration between Departments of Industrial Engineering and Logistics (EMS)
Developed process framework and SA specific emissions factors
Other WIP:

Third Party Rail Access: Potential for energy and carbon savings known, implementation
opportunities to be explored

Smart Freight Centre: Discussions for SSA truck emissions factors (GLEC focussed chapter)
WEF First Mover Coalition: Investigations into Green Shipping Corridors

Elements of a Transport Ecosystem for transition to Renewable Energy Freight Vehicles
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) Stellenbosch
We are open for collaboration! &) i
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