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 Tomato paste production
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Nexus/Footprint

* Water-energy nexus can be important when production M |
< |

and consumption are far from each other. -
aQ

* Tomato cultivation is in heated greenhouses/

open field-grown/unheated greenhouses.

Heated greenhouses: energy demanding for heating, intense
cultivation, less water demand.

Open-field: Water abstraction is energy-intensive, Water-
intensive for irrigation, adverse effect on vulnerable resources




{watz[MEthOdS/ key points in evaluation | =
water, energy and carbon footprints

 The water/energy/carbon footprint is an indicator for direct and
indirect freshwater/energy/carbon emission (CO,) used to
produce a unit volume/mass of product over full supply chain.

e The water in cultivation phase of food supply chains usually
accounts for the highest proportion of the water footprint.

e Life Cycle Assessment (LCA) is a common approach for evaluation
of the environmental impacts over life cycle ( ‘cradle to grave’).
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Water footprint
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* Definitions: Volume of freshwater used over the full supply
chain of a product (blue, green and grey water);

* Blue water: surface (e.g. lake, river) and underground sources.

* Green water: rainwater (not runoff) and is renewable.

* Grey water: freshwater required to assimilate the load of
pollutants based on existing ambient water quality standards.
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Water withdrawal

Water footprint of a consumer or producer

Direct water use

Indirect water use

Green water footprint

Green water footprint

Non-consumptive

water use (return flow)

Blue water footprint

Blue water footprint

Water
consumption
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{Wﬂl*ﬂ Key Facts/Questions?

» LCA focused on either cultivation or manufacturing.

* The LCA of both phases with transportation received

less attention especially for local food productions! ' “ 3
 Some foods are processed far from consumption! j ¢ E(

* Local or imported food production: Which one is better? i

* in terms of more sustainable/water/energy/carbon footprmt'-’

Imported processed

Locally produced/ processed food

food production

i farmers market

== olow food:
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Aim/objectives

* For tomato paste, both cultivation and manufacturing phases are
in the same geographical area due to short shelf-life of tomatoes.
* Explore implications of locally produced tomato paste in terms of
water/energy/carbon footprints compared to imported products.
* Conduct complete LCA of tomato paste production for both

scenarios. Transition towards local food production
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 Two parts: tomato cultivation and tomato processing

JRINC _)

 Tomatoes contain approximately up to 95% water and 5%
solids/sugars;

* Water footprint of tomato puree/paste is almost 99% for
cultivation phase and around 1% for processing phase;

* Global average water footprint for fresh tomato is 214 m3/tonne
while this rate for UK average is only around 5% (i.e. 12 m3/tonne).

Product World UK  Oxfordshire Cambridgeshire

Tomato fresh 214 12 13 13

Tomato juice, concentrated 1069 61 68 64 Water (946 A)) — = .I .

Tomato paste 855 50 54 52

Tomato ketchup 534 30 33 33

Tomato puree 713 40 45 43 U 000000

Peeled tomatoes 267 15 17 15 Classic (standard) tomatoes have more
water and vitamin C than cherry tomatoes

Tomato, dried 4276 244 270 259

 Water B Carbohydrates [/ Fat [ Protein [ Ash Rest |

________________________________________________________________________



R REDISTRIB ANUFA

LOCA
NEXUS NET\.J‘ORK J
F TURINC

i
e

Methodology

* LCA modelling of tomato paste using Simapro in four phases:
1-cultivation, 2-manufacturing, 3-packaging, 4-transport;

e CROPWAT model for water demand estimation of cultivation.
Cropwat80

Sfor Wmdaw:

S|maPnu@

Monthly ETo Penman-Monteith - H\Dropbex\LNN projectNorthstowe case study\CROPWAT... [ = "= |5 ] | ain - HDropbor\LNN projectiNorthstowe case stucy\CROPWAT DAT\No... =E=] -
o Countiy [Norhstane Station [Canidge Nisb on [Canbidge Nisb Eff. rain method [Fixed percentage
Climate/ETo | Altitude | 25 Latitude [5224 [N Longitude [ 070 [ ¥
Rain | Effrain
Month MinTemp [MaxTemp | Humidty | Wind | Sun | Rad | Elo - i -
T |t [ 7 | wmidy | hows | timiiday | mnsdy Januay E7E)
- January 73 a1 El 20 23 073 Fobray %5 278
February 13 77 e 4 26 50 082 e 3 @5
(3efD March a1 108 7 e a7 v} 0
April 43 133 53 e 51 0 o
| 7 169 55 E) 60 cRO =5 |
e 192 e © s o Planting date [02/05 Harvest [03/10
¥ July 124 28 ) £ 63 anting cale arvest
Ciop August 124 28 53 E) 61 |
September 104 193 7 ] 47 N — !
October 76 149 78 Ed 38 O | M
November 42 LE] ] E) 22 Al [ED
W December 19 & = e 8 L i mitkseason late season ]
Soil Average 6.4 14.4 73 324 42 40 £l 10
[
‘o 4
Cropping pattern name Norths towe [ 120
E:u“ M cwn No. Crop file Crop name 055 080
080 040 115
# 1. [ CROPwAT P RO .| | i [om |
00
Eﬂ [:[l 2. [ACROPUAT OTAT0CR0 .| [Potat (T
g ! |
ETa file Rain fil Crop fil Soil fil Planting date
h: lculated northstowe. cim wh edium. 02/06
4

SimaPro is a commonly used LCA tool for
quantifying environmental impacts
including the energy and carbon footprints
of a product.
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Case Study

* Tomato paste is currently imported mainly
from Italy (business as usual).

* This scenario will be compared with locally
produced tomato paste with a 150km radius {
around Oxford City.

* Data for the production phases for imported
tomato paste are taken from the study
conducted for Emilia Romagna in Italy.

e ltaly is the world’s third largest producer of
processed tomato products and Emilia
Romagna is the biggest producer of
processed tomatoes in Italy.
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watﬁ‘ssumptions/Data Collected

* The functional unit is a glass jar of single concentrate tomato
paste (12-14% dry matter) with a net weight of 0.7 kg of tomato
paste (1.39 kg of fresh tomato).

 The foreground inventory data have been mainly obtained from
the interviews conducted in this study for the hypothetical local
tomato paste data, the Emilia Romagna case in Italy for
imported product, and literature review for other required
data.

* The background life cycle inventory data have been largely
sourced from the BUWAL 250, Ecoinvent unit processes and LCA
Food DK databases.
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watP'%ases of Tomato paste LéA

* Cultivation: open field-grown tomatoes in &
Emilia Romagna and heated greenhouses in
the UK.

* Manufacturing: activities (unloading,
chopping, blanching, concentrating, filling
and packaging).

* Packaging: sourcing, production and end of
life of the materials (glass bottle, tinplate,
label and plastic/cardboard tray/pallet).

* Transport: for Imported product, all phases
in Italy and imported to the UK by lorry
(1620km); local product, all phases in the
local area of 150km.
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Estimation in Tomato Cultivation

* Method: FAO Penman-Monteith for blue and green Water
Footprint (WF) and Water Footprint Network (WFN) for
estimation of grey WF.

€% Dry crop - C:\ProgramData\ CROPWAT\data\crops\FAO\WHEAT.CRO |2 | [ }
Crop Hame i,
@ Dry crop - C\ProgramData\ CROPWAT\data\crops\FAC\POTATO.CRO o || B ER
T . AT . .
#3) Dry crop - C:\ProgramData\CROPWAT\data\crops\FAQ\TOMATQ.CRO EI@
Crop Name IF ornato Planting date |02/06 Harvest |24/10
. .
-
@ Crop Water Requirements
_ @ Crop Water Requirements EI@
ETo station |Carnbridge Miab
ETo station |Cambridge Miab Crop [Tomate
@ Crop Water Requirements Rain station |Cambridge Miab 5 ) .
_ Rain station |Cambridge Niab Planting date |02/06
ETo station |Cambridge Miab
Month Decade Stage Kc -
Rain station [Cambridge Miab o Month Decade Stage ‘ Ke | ETc | ETc | EFf rain | Irr. Req. |
7 3 o 1 TE ‘ coeff | mmday | mm/dec | mm/dec | mm/dec |
un il N T

Month Decade Stage | Ke G 7 > e Jun 1 it : 060 216 194 121 ]

| oostt | mmia un n : Jun 2 Init 060 226 26 140 a6

I 1 Y a0 1.08 dun 3 el e Jun 3 Ini 060 234 234 136 99
e 2 nit 0,30 113 dul 1 Deve on Jul 1 Deve 065 268 268 123 140
Jun 3 Init 0.30 117 dul 2 e DEE Jul 2 Deve 0.0 33 336 124 22
Jul 1 Be 0.43 1.74 gl 3 i 14 Jul 3 Deve 0.35 389 428 128 300
Jul 2 Deve 0.7z 101 Aug 1 Mid 117 Aug 1 Deve 1.10 445 4456 13.3 1.4
Jul 3 Deve 102 119 Aug 2 Mid 117 Aug 2 Mid 116 465 455 1356 330
Aug 1 Mid 117 474 Aug 3 Mid 117 Aug 3 Mid 116 404 444 138 N6
Aug > Mid 117 457 Sep 1 Late 117 Sep 1 Mid 116 333 333 140 193
Aug 3 Mid 117 408 Sep 2 Late 1.08 Sep 2 Mid 116 282 22 142 140

Sep 1 Late 117 240 Sep 3 Late 094 Sep 3 Late 114 2.40 240 147 a3

Sep 2 Late 0.92 230 Oct 1 Late 0.81 Dct 1 Late 1.02 1.84 18.4 185 29

Sep 3 Late oG 0 Oct 2 Late 0.0 1.34 134 16.1 nn

Dot 1 Late 02 055 Oct 3 Late 0.82 1.02 41 56 nn
4761 1986 2306
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Impacts for a Glass of 0.7kg Tomato

e Cumulative Energy Demand (CEI%%S!:(% for energy footprint, CML

2001 for carbon footprint and other environmental impacts.

Impact Production
Total Cultivation | Processing | Packaging | Transport
category type

e Imported 13.22 1.45 2.01 4.36 5.41
q LP1 46.09 38.21 2.01 4.36 1.51
Imported 0.692 0.064 0.124 0.188 0.317
kg CO,-eq
LP1 3.06 2.66 0.124 0.188 0.089
Imported 0.139 0.013 0.020 0.043 0.063
g C2H4-eq
LP1 0.601 0.518 0.020 0.043 0.020
CEC-11-e Imported 6.87E-05 6.34E-06 1.39E-05 4.43E-06 4.41E-05
8 q LP1 6.72E-05 | 3.67E-05  1.39E-05 4.43E-06 1.22E-05
Imported 3.806 0.328 0.353 1.294 1.831
g SO,-eq
LP1 6.283 4.135 0.353 1.294 0.501
Imported 0.633 0.036 0.042 0.188 0.365
g PO,-eq
LP1 2.637 2.306 0.042 0.188 0.099
. Imported 104.9 103.6 1.252 - -
Litres
LP1 20.56 19.31 1.252 - -

i

lLocally produced
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Break-down for all production

= Cultivation M Manufacturing % Packaging % Transport

100% 100% -
80% 80% ‘;
60% 00k =
40% 40% =

. ,.
20% 20%
0%
9 @ 0%
< 8
@) C’$ QQ QQQ
& &
Imported tomato paste Locally produced tomato paste

CED (Cumulative Energy Demand), GWP100(Global Warming Potential),
POP(Photochemical Oxidation Potential), ODP(Ozone layer Depletion Potential),
AP (Acidification Potential) and EP(Eutrophication Potential).
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GHG emissions for Cultivation
0.7kg
;
Imported e
Locally produced
tomato paste
Tomato, recirculation|
for Tomato Paste UK
100%
]
I 1
0.0273 kg 0.00771 m3 0.00613 kg 0.00122 kg 0.0712 p 29.2M] 2.58 MJ 0.0208 MJ
Grodan (rockwool for| Water (tap) Fertiliser (N) Fertiliser (P) Small plants Heat for greenhouse Electricity (natural Traction
horticulture) production gas)
1.65% 0.0708% 2.1% 0.123% 3.34% 77% 0.0839%
0.013 kg 0.859 m3 0.00333 kg
Coal mixD S Produced natural gas Ureum ETH S
NS
0.161% | | 3.23% 0.181% | |

0.0322 M) 0.0405 MJ
Electricity, hard Electricity,
coal, at power natural gas, at

14.8% (8.44%
0.0933 MJ
Natural gas,
burned in power|
18.44%

16
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ip
Only packing
materials

133%

ip
Only packaging
and waste
scenarios
100%

0.25 kg
Waste Scenario
for packaging of

tomato paste

-33.4%

0.193 kg
Bottle for tomato
paste

83.4%

0.193 kg
Packaging glass,
white, at
plant/RER U
83.4%

0.0465 kg 0.25 kg

Secondary Recycling Scenario|

packaging for Packaging of

Tomato Paste

33.9% -35.8%

0.0391 kg 0.131 kg

Packaging, Recycling glass
corrugated board, B250

mixed fibre, single
23%

-26.4%

-0.131 kg
Glass (virgin)

-68.2%

GHG emissions for
Packaging ft,@(:kaglng/ Proce$§l@§n§§ﬁp

0.7 kg
Tomato paste
Processing

100%

3.53E-6 m3 1.22 M) 0.112 M)
Diesel equipment Natural gas, Electricity, low
(gal) burned in boiler voltage,
atmospheric production IT, at
8.87% 71.6% 19.3%
1.22 M) 0.123 MJ
Natural gas, low Electricity,
pressure, at medium voltage,
consumer/CH U production IT, at
14.4% m 19.2% ]
1.23 M) 0.124 M)
Natural gas, high Electricity, high
pressure, at voltage,
consumer/CH U production IT, at
11.2% = 19.1% ]
0.0338 m3 0.126 MJ
Natural gas, at Electricity,
long-distance production mix
pipeline/CH U IT/IT U
9.67% = 19.1% ]
0.0133 m3 0.04 MJ
Natural gas, Electricity, oil, at
production RU, at power plant/IT U
long-distance
8.31% 7.87%
0.16 kg
Glass (green)
B250
BB 0.104 MJ
Heavy fuel oil,
burned in power
plant/IT U

7.87%

17
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Contributing Elements of i -
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GHG emissions for Transport Ste

0.7 kg
2-Transportation for
tomato to factory

12.1%

L

0.106 tkm
Transport, lorry
16t/RER U
12.3%

L

l t

0.7 kg

Total Transportation
of tomato paste
imported to the UK

100%

0.7 kg 2.06 kg
3-Transportation of 4-Transportation to
packaging retailer

8.29% Lo

1.69 tkm
Transport, lorry
32t/RER U

87.6%

.ocally produced
omato paste

[43.9%

4
| | | [55.8% F

. |

18
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 Comparison of water, energy and carbon footprints calculated
for locally produced tomato paste in the UK and imported
tomato paste from Italy.

 The analysis suggests that local production of tomato paste in
the UK could lead to significant savings in water consumption
while energy and carbon footprints would increase
considerably to meet the demand for locally grown tomatoes.

* This case study is a specific example of the water-energy-food
nexus and gives a good insight into the interactions between
these key resources.

* As energy-carbon for heating greenhouse is bottleneck in the
locally produced production, decentralised renewable sources
of heating (CHP) may be considered for further investigation.

19
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