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[bookmark: _Toc224724963]Identification of region of interest
1.1 [bookmark: _Toc224724964]Global demand of top platform chemicals
Platform chemical selection. The PC involved this research is selected based on the report from the US Department of Energy1 and its follow-up research from Bozell and Petersen2. In 2004, the US Department of Energy conducted one of the largest comparative studies on biobased chemicals1. The goal was to shift away from fossil-based chemicals. The study reviewed 300 chemicals and identified a "top 10" list based on technical and economic factors. This list was updated in 20102 with the following selected chemicals: ethanol, lactic acid, succinic acid, levulinic acid, sorbitol, furans (furfural, HMF, FDCA), xylitol, glycerol, hydroxypropionic acid, and biohydrocarbons. In our study, we have done the following trimming to make the list more relevant for our research goals: (1) exclude glycerol: because glycerol is already a byproduct of biodiesel production and requires no further processing3; moreover, food loss contains a small lipid fraction compared to sugars, making glycerol production inefficient; (2) we expand the group “furans” into furfural, HMF and FDCA to facilitate a more accurate analysis; (3) we choose isoprene as the representative for the group “biohydrocarbons” as that is the most promising and concrete example within this group. Overall, we modify this list from top 10 chemicals (in fact 8 chemicals and 2 chemical groups) into 11 concrete chemicals, i.e., ethanol, furfural, hydroxymethylfurfural (HMF), 2,5-furandicarboxylic acid (FDCA), isoprene, succinic acid, 3-hydroxypropionic acid (3-HP), levulinic acid, lactic acid, sorbitol, xylitol.
The types of PC production vary across these regions. The U.S. holds a dominant position in the bioethanol market, largely driven by its domestic clean energy policies3. The EU focuses on producing biochemicals like lactic acid, FDCA, and HMF, which are commonly used in the production of biodegradable biopolymers as alternatives to conventional plastics. In contrast, China is a major producer of isoprene and succinic acid which are primarily produced from fossil fuels as well as furfural that is used in petrochemical refining (e.g., rubber production). Sorbitol production in China is also extensive, driven by demand from the cosmetics, pharmaceutical, and food industries4. Aside from these, 3-HP, levulinic acid, and xylitol have relatively similar market share across the U.S., China, and the EU.
Table S.1 The regional production/market share of the top platform chemicals
	Chemical
	Country/region
	Quantity or percentage
	Reference

	Ethanol
(million gallons)
	United States
	15,400
	5

	
	Brazil
	7420
	

	
	European Union
	1330
	

	
	India
	1090
	

	
	China 
	920
	

	
	Thailand
	380
	

	
	Argentina
	290
	

	Furfural*
	China 
	81.11%
	6

	
	Western Europe
	10.28%
	

	
	United States
	4.44%
	

	HMF
	European Union
	90%
	7

	
	North America
	5%
	

	
	China
	5%
	

	FDCA*
	European Union
	46.0%
	8

	
	North America
	30%
	

	
	Asia Pacific
	20%
	

	Glycerol*
	China
	28.33%
	9

	
	Western Europe
	16.39%
	

	
	United States 
	12.78%
	

	
	India
	5.83%
	

	
	Indonesia
	4.72%
	

	
	Middle East
	4.72%
	

	
	Other
	27.22%
	

	Isoprene*

	Russia 
	33.3%
	10

	
	China
	28.5%
	

	
	North America
	17.3%
	

	
	Japan
	14%
	

	
	Western Europe
	2%
	

	Succinic acid*
	China 
	19.87%
	11–14

	
	India
	3.43%
	

	
	Japan
	9.53%
	

	
	United States
	9%
	

	
	Europe 
	10.66%
	

	3-HP*
	North America
	35%
	

	
	Europe
	30%
	15

	
	Asia Pacific
	25%
	

	Levulinic acid*(USD Billion)
	North America
	9.4
	16

	
	Asia Pacific
	8.8
	

	
	Europe
	5.5
	

	Lactic acid
	European Union
	58.17%
	17

	
	China 
	18.27%
	

	
	Thailand 
	12.37%
	

	
	US
	4.48%
	

	
	Brazil
	3.20%
	

	
	India
	1.70%
	

	
	Japan
	1.82%
	

	Sorbitol
	Asia Pacific
	43.3%
	18

	
	North America
	24.1%
	

	
	European Union
	21.0%
	

	Xylitol
	North America
	32.5%
	19

	
	Asia Pacific 
	26.6%
	

	
	Europe
	18.6%
	


* The percentage is calculated from pie chart in the report.
Table S.2. The global annual production of top platform chemicals 
	Chemical
	Production/
Market size
	Units
	Global annual production
	Unit
	Reference

	Furfural
	500
	kiloton
	500.00
	kiloton
	20

	HMF
	60
	Million USD
	64.52
	kiloton
	7

	FDCA
	763
	Million USD
	501.91
	kiloton
	8

	Glycerol
	1400
	kiloton
	1400.00
	kiloton
	21

	Isoprene
	283
	kilotons in US
	1635.84
	kiloton
	10,22

	Succinic acid
	700
	kiloton
	700.00
	kiloton
	23

	3-HP
	2
	Million USD
	1.09
	kiloton
	15

	Levulinic acid
	4
	kiloton
	3.80
	kiloton
	24

	Lactic acid
	1390
	kiloton
	1390.00
	kiloton
	25

	Sorbitol
	2000
	kiloton
	2000.00
	kiloton
	26

	Xylitol
	125
	kiloton
	125.00
	kiloton
	27



Table S.3. The heatmap of the annual production (Unit: Kiloton) of top platform chemicals in top production countries or regions (Calculated based on Table S.1 and Table S.2)
	Country
	US
	China
	EU
	Brazil
	India
	Thailand
	Indonesia
	Russia 
	Japan

	Ethanol 
	45995.00
	2747.75
	3972.30
	22,161
	3,255
	1,135
	
	
	

	Furfural
	22.20
	405.55
	51.40
	
	
	
	
	
	

	HMF
	3.23
	3.23
	58.06
	
	
	
	
	
	

	FDCA
	150.57
	83.90
	230.88
	
	
	
	
	
	

	Glycerol
	178.92
	396.62
	229.46
	
	82
	
	66
	
	

	Isoprene
	283.00
	466.21
	32.72
	
	
	
	
	544.7
	229.0

	Succinic acid
	63.00
	139.09
	74.62
	
	24
	
	
	
	67

	3-HP
	0.38
	0.27
	0.33
	
	
	
	
	
	

	Levulinic acid
	1.51
	1.41
	0.88
	
	
	
	
	
	

	Lactic acid
	62.27
	253.95
	808.56
	44.48
	23.63
	171.94
	
	
	25.30

	Sorbitol
	482.00
	866.00
	420.00
	
	
	
	
	
	

	Xylitol
	40.63
	33.25
	23.25
	
	
	
	
	
	


[bookmark: _Toc224724965]1.2 Food loss generation
According to the United Nations Food and Agriculture Organization (FAO) statistics from 2016 to 2020, six countries and regions generate over 25 million tons of FL annually, ranked from highest to lowest: China, Brazil, India, Indonesia, the U.S., and the EU (27). Within these top six countries and regions, those with larger populations and lower per capita income tend to generate more FL, which is consistent with previous studies28.
Table S.4. The annual generation of food loss (Unit: Kiloton) in top platform chemical production countries or regions (data source: FAO food balance 29)
	Area/Year 
	2016
	2017
	2018
	2019
	2020
	Average

	China
	107982
	110018
	111517
	113582
	114687
	111557

	Brazil
	101145
	103102
	100386
	111621
	113105
	105872

	India
	56293
	67303
	61312
	64583
	64774
	62853

	Indonesia
	27724
	32021
	26999
	70179
	32122
	37809

	United States of America
	32359
	30372
	30550
	28804
	29643
	30346

	European Union (27)
	27551
	29422
	26433
	27432
	27012
	27570

	Thailand
	6458
	6482
	6739
	6619
	6075
	6475

	Russian Federation
	4408
	4622
	4459
	4867
	4466
	4564

	Japan
	2579
	2554
	2531
	2539
	2503
	2541



[bookmark: _Toc224724966]1.3 Python code for bivariate choropleth map (Figure 2)
For the reproduction of the bivariate choropleth map, GitHub repository: https://github.com/weiyujun18/Food2Chemical/blob/main/BivarieteMap.ipynb 
[bookmark: _Toc224724967]Estimation of Food loss and by-products (FLB) in China, the U.S. and the EU
In the initial step of our analysis, food loss data from the FAO Food Balance Sheet (FBS29) was utilized to identify the crops contributing to the top 80% of food loss in each region (refer to Figure S.1). Based on this, 10 crops are selected for China (i.e. corn, rice, wheat, sugar cane, potato, tomato, sweet potato, apple, orange, banana), 6 crops for the U.S. (i.e. corn, wheat, potato, tomato, sugar cane, sugar beet), and 8 crops (i.e. corn, barley, wheat, rapeseed, potato, tomato, sugar beet, apple) for the EU for further analysis.
[bookmark: _Toc224724968]2.1 Selection of crops for further analysis
A. China
B. The U.S.
C. The EU




D. The Venn diagram of food loss and byproducts selected for three regions in this study
[image: ]

Figure S.1 Pareto chart of the food loss for each region (A-C). From this figure, top 80% of food loss for each region can be identified. Venn diagram (D) of the food loss and byproduct streams included in this study.
The Vegetables, other and Fruits, other are excluded because they are mixture of various crops. The sources of food loss in the EU are relatively scattered. According to our preliminary rough estimates, the top 65% of material flows is already more than enough to meet the demand of top platform chemicals in the EU. Therefore, the top eight crops are selected for the further analysis.
[bookmark: _Toc224724969]2.2 Methodology
[image: ]
Figure S.2 Quantification approach for food loss and by-product per crop
A bidirectional quantification approach is developed for FLB quantification. Figure 2 presents this approach and the data sources for each step of this approach. To comprehensively understand the mass flow of food crops along the supply chain and calculate the FL at each stage, we follow a forward supply chain flow. Firstly, we collected quantity data from the FBS on production, import, export, feed, seed, and non-food use for each crop. Then, the FL coefficients at four chain stages—production, postharvest, storage, and processing—were sourced from local literature or reports. The reported production retrieved from public database is the quantity of food items enter the food supply chain, which means the loss in production stage has already been excluded. To calculate the total FL generated in the whole food system (Eq. 1), the calculate consists of two parts, the FL in primary production stage with the reported production and the loss rate of production stage (Eq.2), and the rest part of FL generated in the postharvest, storage, and primary processing chain stage, considering the import, export, seed, feed, and non-food use of the food.
	
	(1)

	Where parameter  is calculate as:
	

	
	(2)

	Parameter  is calculate as:
	

	
	(3)



: Totol food loss for food item i
: The quantity of food item i that enter the local food supply chain
: The loss coefficient of food item i in the chain stage n
n: Food chain stage. n=1, 2, 3, 4 represents production, postharvest, storage, and primary processing respectively.
: The reported local production of food item i
: The import quantity of food item i
: The export quantity of food item i
: The quantity of food item i used for feed 
: The quantity of food item i used for seed
: The quantity of food item  used for non-food use
Then to understand the types and quantity of food byproducts (FB) generated in processing stage, we follow a reverse supply chain flow. Firstly, we identify the main food commodities of identified crops in the local market. Local marketing reports (e.g. Chinese industry report30) and market databases (e.g. Eurostat31) were prioritized to identify and quantify the main commodities of the identified crops. In cases where such data was unavailable, the FAO database and relevant literature were used. Then, by-products from the processing of identified commodities and their production coefficients were obtained from literature. When data was not available, the mass balance approach was employed to estimate by-products.




[bookmark: _Toc224724970]2.3 Supplementary data for Sankey diagram
Table S.5. The food loss generated through the whole food supply chain in China. (Unit: 1000 ton)
	Category 
	Import 29
	Production 29
	loss in production
	Export 29
	seed 29
	Feed 29
	non-food 29
	input_[postharvest]
	loss in postharvest
	
	loss in storage
	
	loss in processing
	
	

	
	
	
	coefficient
	production loss
	
	
	
	
	
	coefficient
	postharvest  loss
	input_[storage]
	coefficient
	storage loss 
	Input_[preprocess]
	coefficient
	processing loss
	output
	tot loss

	Corn and products
	9681
	260443
	3,33%
	8972
	736
	2204
	193023
	47638
	26523
	1,41%
	374
	26149
	0,19%
	50
	26100
	2,87%
	749
	25350
	10144

	Rice and products
	5463
	213241
	2,84%
	6233
	2750
	6763
	7687
	1029
	200476
	1,90%
	3809
	196667
	1,21%
	2380
	194287
	1,84%
	3575
	190712
	15997

	Wheat and products
	6887
	133389
	3,12%
	4296
	754
	4117
	19061
	6933
	109410
	0,77%
	842
	108568
	0,58%
	630
	107938
	2,38%
	2569
	105369
	8337

	Sugarcane
	127
	107206
	5%
	5646
	2
	0
	9507
	0
	97823
	5%
	4894
	92929
	5%
	4649
	88280
	
	
	88280
	15190

	Potatoes and products
	531
	89272
	4,41%
	4119
	527
	2799
	13679
	29
	72769
	2,55%32
	1856
	70914
	16,37%
	11609
	59305
	
	
	59305
	17583

	Tomatoes and products
	108
	60950
	2,11%
	1314
	3654
	0
	0
	0
	57404
	8,49%
	4874
	52530
	10,96%
	5757
	46773
	
	
	46773
	11945

	Sweet potatoes
	7
	51537
	4,41%
	2378
	36
	0
	19759
	1
	31748
	5,40%32
	1714
	30033
	17,13%
	5145
	24889
	
	
	24889
	9237

	Apples and products
	434
	40790
	5,55%
	2397
	1928
	0
	0
	0
	39296
	0,61%
	240
	39056
	3%
	1172
	37884
	
	
	37884
	3808

	Oranges, Mandarins
	899
	28712
	3,32%
	986
	887
	0
	0
	1
	28722
	1,22%
	350
	28372
	1,18%
	335
	28037
	
	
	28037
	1671

	Bananas
	1505
	11635
	4,44%
	541
	22
	0
	0
	0
	13118
	0,61%
	80
	13038
	2,15%
	280
	12757
	
	
	12757
	901

	Reference: the coefficients in blue shade 33; the coefficients in grey shade 29; ; the coefficients in orange shade 34.



Table S.6. The food by-products generated in the food processing in China. By-product (% ) are derived from the cited literature in the “Type of by-product” column 
	Category 
	loss in previous stages (1000t)
	input_[fresh sold and/or deep processing] (1000t)
	fresh sold (1000t)
	Input_[process ](1000t)
	processed product
	quantity (1000t)
	Type of by-product
	by-product (% )
	unit
	Quantity of by-product (1000t)
	sum of by-product (1000t)

	Corn
	10144
	25350
	
	
	
	
	
	
	
	
	

	rice
	15997
	190712
	0
	190712
	rice
	133499
	rice husk 35
	20%
	% raw material
	38142
	57214

	
	
	
	
	
	
	
	rice bran 36
	10%
	% raw material
	19071
	

	wheat
	8337
	105369
	0
	105369
	wheat flour
	85349
	wheat bran 37
	17%
	% raw material
	17386
	20020

	
	
	
	
	
	
	
	wheat germ 38
	3%
	% raw material
	2634
	

	Sugarcane
	15190
	88280
	13280
	75000
	sugar39
	9000
	filter cake40
	31%
	% final product
	2792
	66000

	
	
	
	
	
	
	
	molasses 40
	26%
	% final product
	2333
	

	
	
	
	
	
	
	
	bagasse 40
	300%
	% final product
	27000
	

	
	
	
	
	
	
	
	Other side-streams
	mass balance
	
	33875
	

	Potatoes and products
	17583
	59305
	37024 41
	22281
	potato starch42
	514
	potato pulp 43
	75%
	% final product
	386
	3470

	
	
	
	
	
	
	
	potato liquor 43
	600%
	% final product
	3084
	

	
	
	
	
	
	other processing (mass balance)
	18298
	
	
	
	
	

	Tomatoes and products
	11945
	46773
	33093 44
	13679
	Tomato puree and paste 45
	780
	tomato pomace 46
	8%
	% raw material
	351
	3900

	
	
	
	
	
	
	
	Other side-streams
	mass balance
	
	3549
	

	
	
	
	
	
	other processing (mass balance)
	8999
	
	
	
	
	

	Sweet potatoes
	9237
	24889
	1244447
	12444
	sweet potato starch 42
	240
	sweet potato pulp 43
	75%
	% final product
	180
	1620

	
	
	
	
	
	
	
	sweet potato liquor43
	600%
	% final product
	1440
	

	
	
	
	
	
	other processing (mass balance)
	10584
	
	
	
	
	

	Apples and products
	3808
	37884
	3409648
	3788
	Apple juice concentrate 49
	541
	apple pomace 50
	25%
	% raw material
	947
	3247

	
	
	
	
	
	
	
	Other side-streams
	mass balance
	
	2300
	

	Oranges, Mandarins
	1671
	28037
	26635 51
	1402
	Canned orange
	911
	orange peel 52
	35%
	% raw material
	491
	491

	Bananas
	901
	12757
	11482 53
	1276
	Banana chips, powder
	765
	banana peel 54
	40%
	% raw material
	510
	510



Table S.7. The food loss generated through the whole food supply chain in the U.S. (Unit: 1000 ton)
	Category 
	Import 29
	Production 29
	loss in production
	Export 29
	seed 29
	Feed 29
	non-food 29
	input_[postharvest]
	loss in postharvest and storage
	
	

	
	
	
	coefficient
	production loss
	
	
	
	
	
	coefficient
	postharvest loss
	Input_[processing]
	tot loss

	Corn and products
	2055,2
	370405,8
	5% 29
	19.495
	55009,6
	796,4
	139971,2
	129446,4
	47.237
	0
	0
	47.237
	19.495

	Wheat and products
	9280
	52876
	2%
	1.079
	28532,8
	1682,8
	3162,4
	39,2
	28.739
	2,00%
	574,8
	28.164,0
	1.653,9

	Potatoes and products
	3258
	19868
	20%
	4.967
	3453,2
	1093,8
	117,8
	179
	18.282
	4,00%
	731,3
	17.550,9
	5.698,3

	Tomatoes and products
	1924
	12203
	20%
	3.051
	1451
	0
	0
	0
	12.676
	4,00%
	507,0
	12.169,0
	3.557,8

	Sugarcane and products
	7
	30469,6
	3%
	942
	0,2
	1640,8
	2564
	0
	26.272
	3,00%
	788,1
	25.483,5
	1.730,5

	Sugar beets and products
	18
	30441,2
	3%
	941
	0
	0
	159,8
	0
	30.299
	3,00%
	909,0
	29.390,4
	1.850,5

	Reference: the coefficient in blue shade 55; the coefficients in orange shade 56.




Table S.8. The food by-products generated in the food processing in the U.S.
	Category 
	loss in previous stages (1000t)
	input_[fresh sold and/or deep processing (1000t)
	fresh sold (1000t)
	Input_[process] (1000t)
	processed product
	quantity (1000t)
	Type of by-product
	by-product (%)
	unit
	Quantity of by-product (1000t)
	sum of by-product (1000t)
	Other processing

	Corn and products
	19.495
	47237,40
	19.208
	28029,8 29
	
	
	
	
	
	
	
	

	Wheat and products
	1.654
	28164,02
	0
	28164,024
	Wheat flour
	22812,86
	wheat bran 37
	17%
	% raw material
	4647,06
	5351,16
	0,00

	
	
	
	
	
	
	
	wheat germ 38
	3%
	% raw material
	704,10
	
	

	Potatoes and products
	5698,29
	17550,91
	5089,7657
	12461,15
	Frozen Potatoes
	7722,40
	Whole/Scrap Potato 58
	13,77%
	% raw material
	1233,39
	1233,39
	3505,35

	Tomatoes and products
	3557,79
	12168,96
	N/A
	12168,96
	Tomato Paste 29
	367,14
	Tomato pomace 46
	8,00%
	% raw material
	176,23
	1835,70
	9966,12

	
	
	
	
	
	
	
	other byproducts
	
	mass balance
	1659,47
	
	

	Sugarcane and products
	1.731
	25483,45
	0
	25483,45
	Sugar
	3058,01
	filter cake 40
	31%
	% final product
	948,55
	10915,41
	11510,03

	
	
	
	
	
	
	
	molasses 40
	26%
	% final product
	792,82
	
	

	
	
	
	
	
	
	
	bagasse 40
	300%
	% final product
	9174,04
	
	

	Sugar beets and products
	1.850
	29390,42
	995
	28395,4 29
	Sugar 59
	4543,26
	Sugar beet pulp 59 
	50%
	% raw material
	14197,70
	23852,14
	

	
	
	
	
	
	
	
	molasses 59
	3,80%
	% raw material
	1079,03
	
	

	
	
	
	
	
	
	
	Other (mass balance)
	30,20%
	% raw material
	8575,41
	
	



Table S.9. The food loss generated through the whole food supply chain in the EU. (Unit: 1000 ton)
	Category 
	Import 29
	production (1000t) 29
	loss in primary production
	Export 29
	Seed 29
	Feed 29
	non-food 29
	input_[postharvest]

	
	
	
	coefficient
	production loss
	
	
	
	
	

	Potatoes and products
	9597,88
	108570,70
	10%
	12.063,41
	8816,64
	15510,67
	18037,30
	1375,07
	74428,90

	Sugar beet
	624,43
	167716,72
	5%
	8.827,20
	603,55
	0,00
	8141,40
	4362,39
	155233,81

	Wheat and products
	38470,91
	257516,76
	6,50%
	17.902,23
	110706,40
	16281,63
	63092,19
	4111,67
	101795,78

	Corn and products
	36441,77
	122611,19
	6,50%
	8.523,77
	50804,71
	842,33
	80415,08
	2318,16
	24672,69

	Barley and products
	9354,03
	90825,33
	6,50%
	6.314,06
	24481,75
	6618,22
	50096,72
	1423,96
	17558,71

	Rape and Mustard seed
	13152,35
	24298,04
	3%
	751,49
	10273,05
	159,63
	1142,94
	0,26
	25874,52

	Tomatoes and products
	3898,79
	23515,82
	15,50%
	4.313,55
	2920,45
	0,00
	146,78
	0,00
	24347,38

	Apples
	3953,05
	17227,53
	14%
	2.804,48
	4000,43
	0,00
	507,63
	0,00
	16672,52

	Reference: the coefficients in blue shade 60



Table S.10. The food by-products generated in the food processing in the EU.
	Category 
	loss in previous stages (1000t)
	input_[fresh sold and/or deep processing (1000t)
	fresh sold (1000t)
	Input_process (1000t)
	processed product
	quantity (1000t) 61
	Type of by-product
	by-product (%)
	unit
	Quantity of by-product (1000t)
	sum of by-product (1000t)
	Other processing

	Potatoes and products
	12063,4
	74428,9
	65631,9
	8797
	Frozen potatoes
	4541,00
	Whole/Scrap Potato 58
	13,77%
	% raw material
	725,27
	1632
	1414

	
	
	
	
	
	Potato starch
	1209,28
	potato pulp 43
	75%
	% final product
	907
	
	

	Sugar beet
	8827,2
	155233,8
	0,0
	155233,8
	Sugar 62
	18000,00
	Sugar beet pulp59
	50%
	% raw material
	56250
	94500
	34347,97

	
	
	
	
	
	
	
	molasses 59
	3,80%
	% raw material
	4275
	
	

	
	
	
	
	
	
	
	Other (mass balance)
	30,20%
	% raw material
	33975
	
	

	Wheat and products
	17902,2
	101795,8
	0,0
	101795,8
	Wheat flour
	82278,08
	wheat bran 37
	17%
	% raw material
	16760
	19300
	217,9

	
	
	
	
	
	
	
	wheat germ 38
	3%
	% raw material
	2539
	
	

	
	
	
	
	
	pellet of wheat
	217,91
	
	
	
	
	
	

	Corn and products
	8523,8
	24672,7
	0,0
	24672,7
	Corn starch 63
	1626,52
	Germ 64
	17,15%
	% raw material
	737
	2686
	12391

	
	
	
	
	
	
	
	Pericarp 64
	7,50%
	% raw material
	322
	
	

	
	
	
	
	
	
	
	Other 
	37,85%
	% raw material
	1627
	
	

	Barley and products
	6314,1
	17558,7
	0,0
	9470 65
	Beer
	34007,51
	Spent grains 66
	136%
	1000 ton/1000L beer
	46349
	47059
	2184,6

	
	
	
	
	
	
	
	Malting germ 67
	4,50%
	% of raw material
	426
	
	

	
	
	
	
	
	
	
	Malting rootlets 68
	3%
	% of raw material
	284
	
	

	Rapeseed
	751,5
	25874,5
	3642,6
	22232
	Rapeseed oil 29
	8700,73
	Rapeseed meal (mass balance)
	52%
	% raw material
	13531
	13531
	

	Tomatoes and products
	4313,6
	24347,4
	16390,6
	7957 29
	Tomato puree and paste 
	1210,65
	tomato pomace 46
	8%
	% raw material
	545
	6053
	693

	
	
	
	
	
	
	
	other side-stream
	mass balance
	
	5508
	
	

	Apples
	2804,48 
	16672,52
	8336,3
	8336,26
	Apple juice
	1933,78
	apple pomace
	25%
	% raw material
	645
	645
	4551,95





Each region has very distinct FLB patterns. From quantity perspective, FB is the major streams in all three study regions, accounting for 62.27% (China), 55.96% (the U.S.) and 75.09% (the EU) of the total FLB in respective regions. In terms of the types of crops, sugar crops and cereals contribute the majority of by-products in all three study regions. In China, 49.36% of by-products come from grain processing, while 42.18% are derived from sugar production. In the U.S., 80.50% of the byproducts in the region come from sugar processing. In the EU, 50.97% of by-products come from sugar processing, and 35.79% from grain processing, particularly from beer brewing. This implies that in developing countries and regions like China, attention should be focused on by-products from primary agricultural processing, whereas in developed regions, by-products from deep processing dominate in volume and thus deserve greater attention for optimal management.



[bookmark: _Toc224724971][image: ]Environmental analysis 
Figure S.3 The decision tree followed to calculate GWP saving for each platform chemical. Available/Unavailable: the availability of the data in the literature. GWP saving (unit: kg CO2-eq per kiloton of chemical) is defined as the difference between the GWP of current production (i.e. baseline scenario, can be fossil-based production, bio-based production, or fossil and bio-based combined production) and the GWP of FLB-based production. GWPfossil: the GWP of fossil-based production. GWPbio: the GWP of fossil-based production. GWPfl:the GWP of FLB-based production. ef: the share of fossil-based production in current market.

Table S.11 The GWPsaving of food loss and byproduct-based platform chemicals biogenic carbon is included
	Chemicals
	GWPfossil
	GWPbio
	GWPfl
	ef*
	GWPsaving (kg CO2eq-/kg)
	GWPsaving (kg CO2eq-/Kiloton)

	Ethanol
	3,7 69
	1,65 69
	0,27 70
	2% 71
	1,42
	1422903

	Furfural
	0
	-1,90 72
	-1,9 73
	0
	0,00
	0

	HMF
	0
	8,05 74
	0,02 75
	0
	8,03
	8033410

	FDCA
	0
	8,75 72
	8,75 72
	0
	0,00
	0

	Isoprene
	2,8 72
	5,30 72
	-4,59 76
	99% 77
	7,42
	7415000

	Succinic acid
	8,3 72
	0,13 72
	1,3 78
	99% 72
	6,92
	6918300

	3-HP
	0
	3,00 79
	1,52 79
	0 80
	1,48
	1480560

	Levulinic acid
	0
	6,30 81
	6,3 81
	0 82
	0,00
	0

	Lactic acid
	7,5 72
	0,27 72
	-2,8 83
	10% 84
	3,79
	3793000

	Sorbitol
	0
	3,55 85
	1,72 86
	0 87
	1,83
	1834000

	Xylitol
	0
	3,59 88
	1,8 89
	0
	1,79
	1790000


*ef: the share of fossil-based production in current market.
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Table S.12 The regional price, cost, and regional profit of top platform chemicals
	Chemicals
	Local price (USD / Kiloton)
	Cost (USD / Kiloton)
	Profit (USD / Kiloton)

	
	US
	CN
	EU
	
	US
	CN
	EU

	Ethanol
	901141 90
	861000 91
	875000
	152091 92
	749.049
	708.909
	722.909

	Furfural
	16240000
	13104000
	17006000
	1776700 93
	14.463.300
	11.327.300
	15.229.300

	HMF
	7110000000
	224000000
	6458400000
	930000 94
	7.109.070.000
	223.070.000
	6.457.470.000

	FDCA
	846000000
	210000000
	540000000 95
	1520000 74
	844.480.000
	208.480.000
	538.480.000

	Isoprene
	1560000 96
	1260000 30
	1800000 97
	1102500 30
	457.500
	157.500
	697.500

	Succinic acid
	2007000
	1842000
	1962000
	550000 98
	1.457.000
	1.292.000
	1.412.000

	3-HP
	7040000000
	4946200000
	5960000000
	1830000 79
	7.038.170.000
	4.944.370.000
	5.958.170.000

	Levulinic acid
	21640000
	21000000
	27302400
	1300000 99
	20.340.000
	19.700.000
	26.002.400

	Lactic acid
	1420000
	1140000
	1200000
	1010000 100
	410.000
	130.000
	190.000

	Sorbitol
	760000 101
	980000 101
	650000 101
	280000 102
	480.000
	700.000
	370.000

	Xylitol
	6500000 103
	3080000
	5000000 104
	250000 102
	6.250.000
	2.830.000
	4.750.000

	Reference: the data in blue shade 105; the data in grey shade 106; the data in orange shade 107; the data in green shade 108



[bookmark: _Toc224724973]Yield of each food loss and by-product stream to each platform chemical
The literature review is conducted on Scopus to collect yield data of each food loss and by-product stream to platform chemicals. All the search string applied in this study can be found in Supplementary Excel 1-Sheet “String”. For the pathways with no available literature, the theoretical yield is calculated based on the sugar composition of FLB stream and the yield of certain sugar to PC (Figure S.4)Table S.14 summarize the yield of studied top platform chemicals from each food loss and by-product stream. The raw data can be found in Supplementary Excel 1-Sheet “Yield_FLB_PC”. The Detailed calculation is provided in Supplementary Excel 2_Yield calculation.
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Figure S.4 The conversion of food loss and by-products to platform chemicals from composition perspective (result of literature review). The yield below each platform chemical is either theoretical yield or the average yield from current literature.


Table S.13 The counts of studies available on Scopus.
	Food loss and by-products
	Ethanol
	Furfural
	HMF
	FDCA
	Isoprene
	Succinic Acid
	3-HP
	Levulinic Acid
	Lactic acid
	Sorbitol
	Xylitol

	corn
	2350
	65
	12
	0
	1
	45
	2
	9
	249
	2
	92

	corn germ
	11
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	corn pericarp
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Wheat grain
	383
	2
	2
	0
	0
	12
	1
	3
	70
	0
	2

	Wheat Bran
	82
	2
	2
	0
	0
	5
	0
	0
	46
	0
	22

	Wheat Germ
	1
	0
	0
	0
	0
	0
	0
	0
	9
	0
	0

	Whole Potato
	95
	1
	1
	0
	3
	2
	0
	2
	57
	0
	1

	Whole Tomato
	12
	0
	0
	0
	0
	0
	0
	1
	5
	0
	0

	Tomato Pomace
	1
	0
	0
	0
	0
	0
	0
	0
	4
	0
	0

	 sugarcane
	2212
	3
	3
	0
	0
	5
	0
	1
	100
	3
	134

	sugarcane bagasse
	1121
	42
	9
	0
	0
	22
	0
	14
	63
	1
	144

	Molasses
	132
	0
	1
	0
	0
	3
	0
	1
	20
	1
	1

	Whole Beets
	160
	0
	2
	1
	0
	1
	1
	1
	2
	1
	1

	Beet pulp
	37
	2
	0
	0
	0
	2
	0
	0
	10
	0
	0

	Molasses
	46
	0
	1
	0
	0
	1
	0
	1
	16
	1
	0

	Rice grain
	177
	0
	11
	2
	1
	4
	0
	0
	0
	1
	0

	Rice hull
	25
	14
	3
	0
	0
	1
	0
	5
	7
	0
	3

	Rice bran
	30
	0
	0
	0
	0
	0
	0
	0
	18
	0
	14

	Apple
	74
	0
	0
	0
	0
	3
	0
	0
	8
	1
	6

	apple pomace
	17
	0
	1
	0
	0
	2
	0
	0
	6
	0
	0

	orange
	54
	1
	2
	0
	0
	1
	0
	0
	13
	1
	0

	orange peel
	35
	1
	0
	0
	0
	4
	0
	2
	9
	0
	0

	banana
	59
	1
	2
	0
	0
	0
	0
	0
	4
	0
	0

	banana peel
	32
	0
	3
	0
	0
	0
	0
	0
	5
	0
	4

	potato pulp
	4
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0

	sweet potato
	94
	0
	0
	0
	0
	0
	0
	0
	10
	0
	0

	sweet potato pulp
	0
	0
	0
	0
	3
	1
	0
	0
	0
	0
	0

	barley
	171
	0
	0
	0
	0
	1
	0
	1
	0
	0
	5

	spent grain from beer
	40
	0
	1
	0
	0
	0
	0
	0
	18
	0
	10

	Rapeseed
	8
	0
	0
	0
	0
	2
	0
	0
	3
	0
	1

	Rapeseed meal
	9
	0
	0
	0
	0
	2
	0
	0
	3
	0
	0

	Total paper-ethanol
	7473
	
	
	
	
	
	
	
	
	
	

	Total paper-retrieved
	9046
	
	
	
	
	
	
	
	
	
	

	Percentage of ethanol study
	82.61%
	
	
	
	
	
	
	
	
	
	



Table S.14 Yield of platform chemicals from each food loss and by-product stream (Unit: g Platform chemical/g Food loss and by-products) The detailed yield calculation can be found in the Supplementary Excel 1, sheet “Yield_FLB_PC” and Supplementary Excel 2_Yield calculation
	Food loss and by-products
	Ethanol
	Furfural
	HMF
	FDCA
	Isoprene
	Succinic Acid
	3-HP
	Levulinic Acid
	Lactic acid
	Sorbitol
	Xylitol

	corn
	0,2761
	0,0543
	0,0567
	0,0525
	0,0204
	0,2604
	0,1191
	0,2420
	0,6441
	0,4190
	0,0327

	corn germ
	0,4039
	0,0000
	0,0584
	0,0724
	0,0142
	0,0557
	0,0584
	0,0435
	0,0634
	0,0803
	0,0000

	corn pericarp
	0,2074
	0,0564
	0,1899
	0,2352
	0,0461
	0,2327
	0,1899
	0,1413
	0,2651
	0,2611
	0,0377

	rice grain
	0,0704
	0,0000
	0,1982
	0,3584
	0,0703
	0,2758
	0,0978
	0,2154
	0,3141
	0,3979
	0,0000

	rice hull
	0,3309
	0,0767
	0,1351
	0,1521
	0,0298
	0,1250
	0,1250
	0,1067
	0,2479
	0,1689
	0,0607

	rice bran
	0,1680
	0,0245
	0,0694
	0,0859
	0,0141
	0,0886
	0,0196
	0,0516
	0,1413
	0,0954
	0,0164

	whole wheat
	0,1069
	0,0148
	0,2477
	0,3068
	0,0602
	0,3691
	0,0837
	0,2022
	0,4623
	0,3406
	0,0099

	wheat bran
	0,0758
	0,0556
	0,1219
	0,1510
	0,0296
	0,1903
	0,0412
	0,0908
	0,3028
	0,1677
	0,0699

	wheat germ
	0,2352
	0,0000
	0,1463
	0,1812
	0,0355
	0,1672
	0,0494
	0,1089
	0,1588
	0,2012
	0,0000

	sugarcane
	0,0989
	0,0499
	0,7070
	0,1253
	0,0184
	0,1599
	0,0235
	0,0706
	0,2640
	0,1305
	0,0206

	sugarcane bagasse
	0,0714
	0,1618
	0,1251
	0,3071
	0,0602
	0,4938
	0,0766
	0,2381
	0,4593
	0,3119
	0,0671

	sugarcane molasses
	0,0640
	0,0000
	0,1812
	0,2412
	0,0233
	0,4127
	0,0324
	0,2793
	0,4920
	0,0596
	0,0000

	sugar beet
	0,0745
	0,0039
	0,0429
	0,0761
	0,0079
	0,0586
	0,020774
	0,0457
	0,0354
	0,0845
	2,7E-05

	sugar beet pulp
	0,0535
	0,0486
	0,0501
	0,1914
	0,0295
	0,3350
	0,053364
	0,1150
	0,1252
	0,2124
	0,0024

	sugar beet molasses
	0,1209
	0,0019
	0,1948
	0,1299
	0,0180
	0,0371
	0,036066
	0,0221
	0,2049
	0,1442
	0,0013

	potato
	0,0205
	0,0007
	0,2750
	0,0693
	0,0133
	0,1249
	0,0185
	0,0417
	0,1154
	0,0770
	0,0005

	potato pulp
	0,0521
	0,0008
	0,0411
	0,0509
	0,0100
	0,0398
	0,0139
	0,0306
	0,0454
	0,0565
	0,0005

	tomato
	0,1035
	0,0014
	0,0060
	0,0137
	0,0012
	0,0109
	0,0017
	0,0083
	0,0426
	0,0153
	0,0002

	tomato pomace
	0,0529
	0,0055
	0,0058
	0,0341
	0,0053
	0,0313
	0,0073
	0,0205
	0,0145
	0,0379
	0,0037

	sweet potato
	0,0598
	0,0010
	0,0748
	0,0926
	0,0160
	0,0722
	0,0223
	0,0557
	0,1112
	0,1029
	0,0007

	sweet potato pulp
	0,2659
	0,0015
	0,0711
	0,0880
	0,0173
	0,0691
	0,0240
	0,0529
	0,0787
	0,0977
	0,0010

	apple
	0,0499
	0,0001
	0,0488
	0,0604
	0,0038
	0,0466
	0,0053
	0,0363
	0,0613
	0,0671
	0,0001

	apple pomace
	0,0680
	0,0373
	0,0419
	0,2477
	0,0319
	0,2248
	0,0444
	0,1489
	0,3559
	0,2750
	0,0249

	orange
	0,0554
	0,0104
	0,0308
	0,0381
	0,0036
	0,0388
	0,0050
	0,0229
	0,0442
	0,0423
	0,0069

	orange peel
	0,0819
	0,0000
	0,0552
	0,0683
	0,0089
	0,1222
	0,1220
	0,0382
	0,1180
	0,0758
	0,0000

	banana
	0,4963
	0,0000
	0,0573
	0,0710
	0,0073
	0,0546
	0,0101
	0,0426
	0,0622
	0,0788
	0,0000

	banana peel
	0,0107
	0,0862
	0,2522
	0,1105
	0,0217
	0,1641
	0,0302
	0,0664
	0,3996
	0,1227
	0,0359

	barley
	0,2162
	0,0508
	0,2509
	0,3108
	0,0154
	0,2858
	0,0841
	0,1868
	0,3255
	0,3450
	0,0340

	spent grains
	0,1200
	0,0357
	0,1042
	0,1291
	0,0061
	0,0557
	0,0347
	0,0776
	0,2676
	0,1433
	0,1893

	rapeseed
	0,0111
	0,0184
	0,0189
	0,0234
	0,0012
	0,0349
	0,0064
	0,0141
	0,0743
	0,0260
	0,0123

	rapeseed meal
	0,0396
	0,0044
	0,0542
	0,0671
	0,0173
	0,1240
	0,0183
	0,0403
	0,0000
	0,0745
	0,0030



Table S.15 Sugar composition of food loss and by-products
	
	Glucose [%] 
	Fructose [%]
	Sucrose [%]
	Cellulose [%]
	Xylose [%]
	Hemicellulose [%]
	tot. Glucose [%] 
	tot. Fructose [%]
	tot. Xylose [%]
	tot. sugar [%]
	Reference

	Corn
	73,46
	0,00
	0,00
	8,17
	0,00
	6,66
	83,12
	0,00
	3,94
	87,06
	109–111

	Corn germ
	16,69
	0,00
	0,00
	0,00
	0,00
	0,00
	16,69
	0,00
	0,00
	16,69
	112,113

	Corn pericarp
	29,26
	0,00
	0,00
	22,50
	15,50
	0,00
	54,26
	0,00
	15,50
	69,76
	114

	Wheat grain
	68,33
	0,00
	0,00
	2,20
	0,00
	5,25
	70,78
	0,00
	4,06
	74,83
	112

	Wheat bran
	22,22
	0,00
	0,00
	11,35
	0,00
	26,93
	34,84
	0,00
	15,30
	50,14
	112

	Wheat Germ
	41,80
	0,00
	0,00
	0,00
	0,00
	0,00
	41,80
	0,00
	0,00
	41,80
	115

	Potato
	15,54
	0,31
	0,13
	0,00
	0,20
	0,00
	15,61
	0,38
	0,20
	16,19
	116

	Tomato
	1,04
	1,67
	0,09
	0,00
	0,00
	0,67
	1,47
	1,72
	0,09
	3,27
	112

	Tomato pomace
	1,36
	1,67
	0,00
	3,04
	0,00
	2,66
	6,21
	1,67
	1,51
	9,38
	112

	Sugarcane
	0,60
	0,55
	12,75
	10,44
	0,00
	4,93
	19,85
	7,26
	3,73
	30,84
	112

	Sugarcane bagasse
	0,70
	0,00
	0,00
	54,87
	0,00
	16,52
	64,81
	0,00
	12,51
	77,32
	112

	Sugarcane molasses
	11,90
	12,80
	29,40
	0,00
	0,00
	0,00
	27,37
	28,27
	0,00
	55,65
	116

	sugar beet
	0,04
	0,02
	15,62
	0,94
	0,00
	0,05
	9,32
	8,24
	0,01
	17,57
	112

	sugar beet pulp
	29,03
	9,01
	0,83
	3,74
	0,15
	4,09
	34,70
	9,45
	0,98
	45,13
	112

	sugar beet Molasses
	1,22
	1,48
	13,90
	11,38
	0,53
	0,00
	21,18
	8,79
	0,53
	30,50
	112

	rice grain
	82,67
	0,00
	0,00
	0,00
	0,00
	0,00
	82,67
	0,00
	0,00
	82,67
	116

	rice hull
	0,00
	0,00
	0,00
	25,67
	0,00
	17,59
	35,08
	0,00
	12,99
	48,07
	112

	Rice bran
	0,00
	0,00
	6,12
	11,20
	0,00
	10,05
	16,59
	3,22
	6,74
	26,56
	117–119

	Apple
	3,04
	8,59
	1,70
	0,44
	0,00
	0,10
	4,46
	9,48
	0,03
	13,97
	112,116

	apple pomace
	37,56
	19,58
	0,00
	0,00
	10,25
	0,00
	37,56
	19,58
	10,25
	67,39
	112

	orange
	2,02
	2,36
	4,19
	0,00
	2,85
	0,00
	4,23
	4,57
	2,85
	11,64
	112,116

	orange peel
	3,84
	3,84
	2,64
	3,40
	0,00
	1,37
	10,53
	5,23
	0,00
	15,76
	120

	banana
	7,46
	6,70
	2,10
	0,00
	0,00
	0,00
	8,57
	7,81
	0,00
	16,37
	116

	banana peel
	0,00
	0,00
	0,00
	20,70
	12,30
	17,30
	25,50
	0,00
	23,70
	49,20
	112

	potato pulp
	7,73
	0,00
	0,00
	2,72
	0,00
	2,24
	11,73
	0,00
	0,21
	11,94
	112

	sweet potato
	15,00
	0,93
	3,06
	1,72
	0,00
	0,61
	18,83
	2,54
	0,28
	21,65
	116

	sweet potato pulp
	17,10
	0,00
	0,00
	2,49
	0,00
	0,88
	20,30
	0,00
	0,40
	20,70
	121

	barley
	56,92
	0,00
	1,04
	3,46
	4,97
	19,71
	71,14
	0,55
	13,97
	85,67
	112,116

	spent grainsfrom beer
	7,85
	0,36
	0,10
	13,11
	3,50
	13,83
	29,37
	0,41
	9,82
	39,60
	112

	Rapeseed
	5,40
	0,00
	0,00
	0,00
	5,06
	0,00
	5,40
	0,00
	5,06
	10,46
	112,122

	Rapeseed meal
	9,20
	0,00
	0,00
	4,46
	0,00
	2,67
	15,49
	0,00
	1,22
	16,71
	123,124





[bookmark: _Toc224724974]Linear programming
For the reproduction of the results, the code and input data are provided on GitHub.
Code: https://github.com/weiyujun18/Food2Chemical/blob/main/LP_FLB_PC.ipynb
Input data:
For China: https://github.com/weiyujun18/Food2Chemical/blob/main/FL2CH_CN.xlsx
For the EU: https://github.com/weiyujun18/Food2Chemical/blob/main/FL2CH_EU.xlsx
For the U.S.: https://github.com/weiyujun18/Food2Chemical/blob/main/FL2CH_US.xlsx
In addition, in the supplementary material file we provide the outputs of the model..
Linear programming code:
import pandas as pd
from pyomo.environ import *

# Read the excel file into a pandas DataFrame
file_name_FL2CH_EU = "C:\\Workspace\\Food_lost2Ch\\IO\\FL2CH_EU.xlsx"

# eta is yield
eta_df = pd.read_excel(file_name_FL2CH_EU, sheet_name = 'eta', index_col=0)

# FL is the qty of each Food loss or by-products stream
FL_df=pd.read_excel(file_name_FL2CH_EU, sheet_name = 'FL')

# CH is the demand qty of each platform chemical
CH_df=pd.read_excel(file_name_FL2CH_EU, sheet_name = 'CH')
# profit is the profit of each platform chemical
profit_df=pd.read_excel(file_name_FL2CH_EU, sheet_name = 'profit')
# GWP is the global warming potential saving of each platform chemical
GWP_df=pd.read_excel(file_name_FL2CH_EU, sheet_name = 'GWP')

# Convert the DataFrame to a dictionary
eta_dict = eta_df.to_dict(orient='index')
FL_dict = FL_df['Column1'].to_dict()
CH_dict = CH_df['Column1'].to_dict()
profit_dict = profit_df['Column1'].to_dict()
GWP_dict = GWP_df['Column1'].to_dict()

# Convert nested dictionary format for Pyomo
eta_dict = {(row, col): value for row, row_data in eta_dict.items() for col, value in row_data.items()}
FL_dict = {i+1: FL_dict[i] for i in FL_dict}
CH_dict = {i+1: CH_dict[i] for i in CH_dict}
profit_dict = {i+1: profit_dict[i] for i in profit_dict}
GWP_dict = {i+1: GWP_dict[i] for i in GWP_dict}

# Create a Concrete Model
model = ConcreteModel()

# Sets
model.I = RangeSet(1, 19) # for CN, (1, 22), for US (1, 13), for EU (1, 19)
model.J = RangeSet(1, 11)

# Parameters
model.FL = Param(model.I, initialize=FL_dict) 
model.CH = Param(model.J, initialize=CH_dict)     

model.eta = Param(model.I, model.J, initialize=eta_dict)

# #option 1: model profit
# model.profit = Param(model.J, initialize=profit_dict)  
#option 2: model GWP
model.GWP = Param(model.J, initialize=GWP_dict)

# Variables
model.x = Var(model.I, within=NonNegativeReals)
model.y = Var(model.J, within=NonNegativeReals)
model.w = Var(model.I, model.J, within=NonNegativeReals) # w[i,j] indicate the FL[i] used to produce CH[j]

# # option 1: Objective function 1, profit
# def objective_rule(model):
#     return sum(model.y[j] * model.profit[j] for j in model.J)

# option 2: Objective function 2, GWP saving
def objective_rule(model):
    return sum(model.y[j] * model.GWP[j] for j in model.J)

model.obj = Objective(rule=objective_rule, sense=maximize)

# Constraints
def x_constraint_rule(model, i):
    return model.x[i] == sum(model.w[i, j] for j in model.J)

model.x_constraint = Constraint(model.I, rule=x_constraint_rule)

def y_constraint_rule(model, j):
    return model.y[j] == sum(model.w[i, j] * model.eta[i, j] for i in model.I)

model.y_constraint = Constraint(model.J, rule=y_constraint_rule)

def y_demand_constraint_rule(model, j):
    return model.y[j] <= model.CH[j]

model.y_demand_constraint = Constraint(model.J, rule=y_demand_constraint_rule)

def x_fleet_constraint_rule(model, i):
    return model.x[i] <= model.FL[i]

model.x_fleet_constraint = Constraint(model.I, rule=x_fleet_constraint_rule)

# To solve the model, you would typically use a solver

# Solve the model
solvername='glpk'
solverpath_folder='C:\Python311\winglpk\glpk-4.65\w64' #does not need to be directly on c drive
solverpath_exe='C:\Python311\winglpk\glpk-4.65\w64\glpsol.exe' #does not need to be directly on c drive
# solver = SolverFactory('glpk')

solver=SolverFactory(solvername,executable=solverpath_exe)

results = solver.solve(model)

# Display the results
model.display()

[bookmark: _Toc224724975]Supplementary information for results
In our result, to achieve an optimal environmental performance, succinic acid, HMF, and lactic acid are the top three PC prioritized by the model and fully fulfilled across all three hotspot regions. The main FLB used for production of these PC are potato, sugarcane, and corn in China, sugar beet pulp, sugarcane, and sugarcane molasses in the U.S., potato and sugar beet in the EU. The yield and GWP saving are the main factors affecting the prioritization, and the reasons behind are analyzed. Succinic acid can be produced from both glucose and xylose with a relatively high theoretical maximum yield (1.12 g/g glucose)125, and the technology is quite mature. High yields, titers, and productivities have been achieved with several natural bacteria strains126. The GWP saving of FLB-based succinic acid is also high, because currently 99% of it is produced from fossil resource, resulting in a high GWP of around 8.3kg CO2-eq /kg fossil-based succinic acid72; in contrast, the GWP of bio-based pathway is only about 0.1372 to 1.378 kg CO2-eq/kg succinic acid, which is about 6 – 60 times lower than that of fossil-based succinic acid. For HMF, both cellulose and starch-rich FLB can be used as feedstock, and HMF can be simply produced by thermochemical conversion without any bioprocesses. There are only three steps needed: the hydrolysis of polysaccharides (e.g., cellulose, starch), the isomerization of glucose to fructose and the dehydration of fructose into HMF127. Besides, the GWP saving of HMF (8.03 kg CO2-eq/kg HMF) is the highest among the studied PC. Although HMF is currently produced only from biomass , the FLB-based production via heterogeneous catalyst-assisted thermochemical conversion has been found way more sustainable compared to the acid-catalyzed route widely used in industry75. For lactic acid, currently it is mostly produced from biomass using glucose and xylose as main substrates72,128, and about 10%84 of production is fossil-based via natural gas fermentation129. There are many studies on FLB-based lactic acid, second to FLB-based ethanol in terms of quantity. The yield of FLB-based lactic acid is highest in average compared to other studied PC, mainly due to its high technical maturity and efficiency. Regarding the GWP saving of lactic acid, the waste-derived lactic acid pathways (including from food waste) have a negative GWP ranging from −4.2 to −1.4 kg CO2-eq /kg lactic acid83, mainly due to the avoided business-as-usual scenarios, such as landfill; meanwhile, the GWP of fossil-based production is 7.5 CO2-eq/kg lactic acid and crop-based (e.g. corn or corn stover) production is around 0.27 CO2 eq/kg lactic acid72. Thus, the replacement of current lactic acid production by FLB-based lactic acid production would save around 3.79 CO2-eq/kg lactic acid. 
According to the substrates required for the production of these PCs, the sugar content of FLB is the decisive factor for the feedstock matchmaking. From the outputs of model, the sugar rich FLB, such as sugar crops and their byproducts, potato and corn, are prioritized for the production of aforementioned PCs (i.e. succinic acid, HMF, and lactic acid). Another reason is that more studies are using these FLB as feedstock (Table S. 13), making the technology of using these FLB as feedstock more mature and the practical yield closer to the theoretical bioconversion yield. For the FLBs without any research to our current knowledge, we assume that the practical yield is 50% of the theoretical yield. It is unknown whether this assumption under- or over-estimates each lack-of-research FLB stream, but it is relatively easy to incorporate future research outcome into our model to recalculate the outcome. FLB like rice hull and banana peel may possess high potential for xylitol and furfural production with high yield due to their relative high xylose content; apple pomace and barley may possess high potential for glucose and fructose-derived chemical production such as lactic acid and succinic acid production, but these are currently overlooked in the research. We recommend prioritizing the trial of these FLB-PC pathways and their yields in future research. 
Meanwhile, FDCA, levulinic acid, and furfural are not produced at all in the optimal environmental benefit scenario, indicating that the model does not allocate any FLB to these chemicals. This is because their GWP savings are 0 kg CO2-eq as determined by the GWP saving calculation decision tree (Figure S3). For these three chemicals, there is no study about the GWP of fossil-based production or reporting the GWP from non-FLB-based production. However, it is worth noting that the GWP of furfural production from biomass has been reported as negative73, meaning it reduces greenhouse gas emissions from the system by avoiding environment emission from the treatment of FLB (e.g. landfill and incineration). Despite furfural having a GWP saving of 0 kg CO2-eq per kiloton, its absolute contribution to the system is still beneficial.
In the economic optimal scenario, the local demand for all platform chemicals is fulfilled in China and EU, indicating that all production is profitable, and feedstocks are sufficient in these regions. However, in the U.S., only 21.2% of the ethanol demand is met, and isoprene is not produced at all. This suggests that FLB-based isoprene production is less profitable than FLB-based ethanol production, and the cost drivers of FLB-based isoprene are carbon source, titer, productivity or yield and the improvements in these directions130. Additionally, bio-based isoprene has not been commercialized yet, as its production depends on engineered microbial strains, and the overexpression of non-native genes can lead to intermediate imbalances and thus affects its yield and profitability131.
Our result also suggests that isoprene and succinic acid need to transition from currently fossil-based to future bio-based production to pursue a better enviromental performance. Technologically this is feasible and relatively mature; however, the substantially lower cost of fossil-based production hampers this transition, which may need interventions from public authorities to stimulte. For some chemicals, the transition from bio-based to FLB-based production also contribute a lot to environmental benefits, such as HMF and lactic acid. The difference of GWP between bio-based and FLB-based pathways is due to two reasons. One is the GWP from feedstock cultivation that is included in the bio-based pathways but not included in FLB-based pathways; the other reason is the studies about FLB-based pathway normally adopt innovative technology which usually has better environmental performance compared to widely used bio-based pathways, but these studies may also negelect the impact of the scalability of the technology in the future development.
Main contributors of GWP saving of each region
Analyzing the contribution of environmental benefits from each FLB to PC pathway reveals different key contributors in each region. In China, ethanol, isoprene, sorbitol, succinic acid, and lactic acid are the main contributors of enviromental benefits. However, the reasons for their significant contributions vary. Succinic acid and isoprene contribute primarily due to their high unit GWP saving. Ethanol and sorbitol, despite having relatively low unit GWP saving, contribute significantly due to their high quantities. Lactic acid’s contribution is attributed to its moderate unit GWP saving and medium market demand. For the U.S., ethanol, isoprene, and sorbitol are the main contributors. This is due to the high market demand for ethanol and sorbitol and the high unit GWP savings of isoprene. In the EU, ethanol, lactic acid, and sorbitol are the major contributors, primarily because of their high market demand in this region. Overall, in all regions, ethanol, sorbitol, and lactic acid should be considered priorities for future research due to their high demand. Additionally, isoprene, with its high unit GWP savings and substantial market demand, warrants increased attention in future studies.
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According to Sustainable Development Goal (SDG) 12.3, the global community aims to “by 2030, halve per capita global food waste at the retail and consumer levels and reduce food losses along production and supply chains, including post-harvest losses.” Although no specific quantitative target has been set for food loss, we assume in this study that food loss will be reduced by 50% by 2030, and eventually eliminated in the coming decades. Based on this assumption, we explored the carbon and economic benefits under two hypothetical scenarios: 50% food loss reduction and complete elimination of food loss. To ensure comparability with our main analysis, we assumed that the production sizes of primary food crops and the demand for platform chemicals remain constant. Moreover, we maintained the same proportion of crops entering processing, meaning that with reduced upstream food loss, more raw food reaches the processing stage, which may increase the quantity of by-products generated.
Table S16. Quantities of food loss (FL) and food by-products (FB) under the baseline scenario (FLB quantities as used in this study), the 50% FL reduction scenario, and the 100% FL reduction scenario.
	Region
	Type
	Baseline
	50% FL reduction
	100% FL reduction

	CN
	FL
	94,811.71
	47,405.86
	0.00

	
	FB
	156,471.50
	159,858.85
	163,246.20

	US
	FL
	33,985.97
	16,992.98
	0.00

	
	FB
	43,187.80
	43,915.76
	44,643.72

	EU
	FL
	61,500.19
	30,750.10
	0.00

	
	FB
	185,406.09
	187,106.81
	188,807.52
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Figure S5. Overall GWP savings and profits under two objectives (optimal GWP saving and optimal profit) for 50% and 100% FL reduction scenarios.
The results show that, for China and the EU, under scenarios where food loss is halved or entirely eliminated, the remaining food loss and by-products are still sufficient to fully meet local PC demand. Consequently, the overall GWP savings and profits remain consistent with the current scenario. However, for the U.S., decreasing of food loss leads to a decrease in both GWP savings and profit. Specifically, a 50% reduction in food loss results in a 24.73% decrease in GWP savings under the carbon-optimized scenario, while the profit drops by 1.45% under the economically optimized scenario. With complete elimination of food loss, the GWP savings decline by 50.82%, and the profit is reduced by 2.99%.
Nevertheless, these findings should not be interpreted as a rationale to maintain the current levels of food loss for the sake of higher GWP savings or profits. This analysis does not account for the environmental and economic costs inherently associated with food loss itself, nor does it consider the GWP and financial inputs required to manage and dispose of food loss. Therefore, food loss mitigation remains a critical and necessary objective, and our results should be understood within the broader context of sustainability and system-wide optimization.
For the reproduction of the results, the input data are provided on GitHub.
Input data: https://github.com/weiyujun18/Food2Chemical
Data file name: FL2CH_CN_50%.xlsx; FL2CH_CN_100%.xlsx; FL2CH_US_50%.xlsx; FL2CH_US_100%.xlsx; FL2CH_EU_50%.xlsx; FL2CH_EU_100%.xlsx
Note: The file name with 50% means 50% FL reduction; The file name with 100% means complete elimination of food loss
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Due to uncertainties in FLB availability, composition, and conversion yields, sensitivity analyses were conducted for each parameter. For FLB quantity, three scenarios were defined: 80% (low), 100% (base), and 120% (high) of the estimated values in this study. Regarding composition, the analysis is based on the fraction of fermentable sugars in FLB. Variations in fermentable sugar content effectively translate into proportional changes in available FLB quantity (e.g., a ±20% change in sugar content is equivalent to a ±20% change in FLB availability). Therefore, composition uncertainty is inherently captured within the FLB quantity sensitivity analysis and is not assessed separately. For yield, three analogous scenarios were established: 80% (low), 100% (base), and 120% (high) of the estimated yields. 
Table S17. Sensitivity analysis of FLB quantity and yield on economic and environmental outcomes across regions.
	Region
	Scenario
	Optimal environment
	Optimal economic

	
	
	GWP saving 
	Profit
	GWP saving 
	Profit

	China
	FLB_80%
	1.10E+10
	4.98E+09
	1.1E+10
	2.71E+10

	
	FLB_100%
	1.10E+10
	4.98E+09
	1.1E+10
	2.71E+10

	
	FLB_120%
	1.10E+10
	4.98E+09
	1.1E+10
	2.71E+10

	
	Yield_80%
	1.10E+10
	4.98E+09
	1.1E+10
	2.71E+10

	
	Yield_100%
	1.10E+10
	4.98E+09
	1.1E+10
	2.71E+10

	
	Yield_120%
	1.10E+10
	4.98E+09
	1.1E+10
	2.71E+10

	The EU
	FLB_80%
	1.08E+10
	3.80E+11
	1.08E+10
	5.05E+11

	
	FLB_100%
	1.08E+10
	3.80E+11
	1.08E+10
	5.05E+11

	
	FLB_120%
	1.08E+10
	3.80E+11
	1.08E+10
	5.05E+11

	
	Yield_80%
	1.08E+10
	3.80E+11
	1.08E+10
	5.05E+11

	
	Yield_100%
	1.08E+10
	3.80E+11
	1.08E+10
	5.05E+11

	
	Yield_120%
	1.08E+10
	3.80E+11
	1.08E+10
	5.05E+11

	The U.S.
	FLB_80%
	1.5E+10
	2.93E+10
	1.35E+10
	1.6E+11

	
	FLB_100%
	1.81E+10
	3.37E+10
	1.65E+10
	1.62E+11

	
	FLB_120%
	2.11E+10
	3.53E+10
	1.96E+10
	1.63E+11

	
	Yield_80%
	1.5E+10
	2.93E+10
	1.35E+10
	1.6E+11

	
	Yield_100%
	1.81E+10
	3.37E+10
	1.65E+10
	1.62E+11

	
	Yield_120%
	2.11E+10
	3.53E+10
	1.96E+10
	1.63E+11



The results of the sensitivity analysis are presented in Table S17. The findings indicate that variations in either yield or FLB quantity do not alter the overall economic and environmental benefits for China and the EU (27), although the allocation and utilization of FLB streams shift, with preferred feedstocks being prioritized under all scenarios. 
In contrast, for the U.S., both economic and environmental benefits vary with changes in yield and FLB quantity. This is because local FLB resources are insufficient to meet the total demand for platform chemicals. Even when FLB availability is increased to 120%, the demand for all PCs cannot be fully satisfied. Consequently, increases or decreases in yield and FLB quantity lead to corresponding changes in overall economic and environmental performance. Table S18 summarizes the percentage changes in total economic and environmental benefits under ±20% variations in FLB quantity and yield for the U.S.. Detailed allocation results are provided in “Supplementary Excel_LP_result”.
Table S18. Percentage changes in economic and environmental benefits in the U.S. under ±20% variations in FLB quantity and yield.
	Scenario
	Optimal environment
	Optimal economic

	
	GWP saving 
	Changes (in %)
	Profit
	Changes (in %)
	GWP saving 
	Changes (in %)
	Profit
	Changes (in %)

	FLB_80%
	1.50E+10
	-17.14%
	2.93E+10
	-12.83%
	1.35E+10
	-18.53%
	1.60E+11
	-1.00%

	FLB_100%
	1.81E+10
	Baseline
	3.37E+10
	Baseline
	1.65E+10
	Baseline
	1.62E+11
	Baseline

	FLB_120%
	2.11E+10
	16.96%
	3.53E+10
	4.79%
	1.96E+10
	18.53%
	1.63E+11
	1.00%

	Yield_80%
	1.50E+10
	-17.14%
	2.93E+10
	-12.83%
	1.35E+10
	-18.53%
	1.60E+11
	-1.00%

	Yield_100%
	1.81E+10
	Baseline
	3.37E+10
	Baseline
	1.65E+10
	Baseline
	1.62E+11
	Baseline

	Yield_120%
	2.11E+10
	16.96%
	3.53E+10
	4.79%
	1.96E+10
	18.53%
	1.63E+11
	1.00%
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