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Figure 1 - extended generic monitoring framework - exemplary system with two sectors (orange and yellow) and intra-sectoral flow (dash-dotted, dark yellow) and inter-sectoral recirculation flow (dashed,
orange), optional nutrient recovery process is indicated in green, diffuse emission flows to atmosphere and lithosphere / aquifer are indicated.
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Figure 2 - Main-system, all flows and flow names, model of the agro-food-waste-system in Hdu My Bac B in 2016, with TPAD
Sub-processes are shown framed in blue. The processes and sub-processes are named systematically with a five-digit code. The two letters, represent the system, followed by 3 digits
representing processes and level of sub-process — e.g., ‘CP214 — fertilizer loss distribution, rice’ is the fourth process in the sub-process ‘rice cultivation (CP210)’ in the sub-system
‘Crop production, rice (CP200)’.Flows are consequently names with a 10-digits classification, the first five characters represent the process of origin followed by process of
destination - e.g. CP214CP500 is the ‘fertilizer run off fertilizer, rice cultivation’ from process named above to the aggregation process ‘CP500 emissions to lithosphere and aquifer,
crop production’.
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Figure 3 - Main System, Carbon flows [Mg/a], of the agro-food-waste-system in Hiu M§ Bac B in 2016, without TPAD
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Figure 4 - Main System, Nitrogen flows [Mg/a], of the agro-food-waste-system in Hau My B3c B in 2016, without TPAD
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Figure 5- Main System, Phosphorus flows [Mg/a), of the agro-food-waste-system in Hau My Bic B in 2016, without TPAD
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Figure 6 - CP00O - Crop production [Mg/a] rounded to two significant figures;
a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);
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supplied by organic fertilizer
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stock is considered; low phosphorus nutrient use efficiency, subject to run off;
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S12-2.2.2.1. CP 210 — Crop production, rice cultivation

Carbon [Mg/a],
rounded to significant figures

methane emissions,
rice cultivation

C fixation, rice
cultivation

'4,000+1,400

e

CP211 fertilizer CP213 fertilizer CP215,crop
application, rice efficiency, rice growth, rice 4,000+1,400 e
) @ (0)

fertilizer, rice cultivation

P erop, Tice

Stock formation C
sequestration in soil, rice

*

CP212 s0il stock

CP214 fertilizer losses distribution,
rice

g

+380£540

a)
CP210 - Crop production, Rice cultivation (2016)
Phosphorus [Mg/al,
rounded to significant figures
CP211 fertilizer CP213 fertilizer CP215,crop — -
O D application, rice efficiency, rice growth, rice 54+1s_‘-@)
) © " (0) — -
fertilizer, rice cultivation 'E"‘I‘Zfrc:mme mature crop, rice
fertilizer lossedr 129444
rice
CP212,s0il stock CP214 fertilizer losses distribution
(0y
+0
run off, fertilizer Gcqngs4q
culivation —agird>
® <)

CP210 - Crop production, Rice cultivation (2016)
Nitrogen [Mg/aj,
rounded to significant figures

volatilization, fertilizé
rice cultivation

N fixation, rice
cultivation

C202:65>

CP211 fertilizer
application, rice
(0)

CP213 fertilizer

CP215,crop
efficiency, rice

growth, rice
0

fertilizer, rice cultivation

N mature crop, rice
rice P

CP212 soil stock
(0)

]

run off, fertilizer rigg
cultivation

b)

Figure 9 - CP 210 - Crop production, rice cultivation [Mg/a] rounded to two significant figures;
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a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);

a) organic Carbon is supplied by biogas digestate, methane emissions from soil organic
carbon are emitted, residual organic carbon is going to soil stock; plant only assimilate
from inorganic carbon

b) nitrogen fertilizer (organic and inorganic) is supplied to the field, no soil nitrogen stock
is considered; N fixation in rice fields; nutrient use efficiency for nitrogen fertilizer is
assumed to be the same for organic and inorganic fertilizers; volatilization of N fertilizer
is larger than run off

c) phosphorus fertilizer (organic and inorganic) is supplied to the field, no soil phosphorus
stock is considered; low phosphorus nutrient use efficiency, subject to run off;
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S12-2.2.3.

CP300 — Crop production, other crops

CP300 - crop production, other crops (2016)

Carbon [Mg/a],
rounded to significant figures

C fixation, other crops

1,170£600

CP310,cultivation, other crops
(©0)

¥ Stock
+0

mature crop, other
crops

CP320,harvest,
other crops

CP300 - crop production, other crops (2016)

Phosphorus [Mg/aj,
rounded to significant figures

fertilizer, other

CP310,cultivation, other crops

¥ Stock
+0

mature crop, other
crops

C670:340>-+(E)

export, other crops

crop residues, other

500500

CP320,harvest,

crops

other crops

@

n off, fertizer other

crops

&

export, other crops

crop residues, other

crops

a)

c)

CP300 - cro
Nitrogen [Mg/a),

rounded to significant figures

fertilizer, other

roduction, other crops (2016

870>

volatilization,
fertilizer other crops

CP310,cultivation, other crops

mature crop, other

5 Stock crops
+00

@ n off, fertilizer other

crops

CP320 harvest,
other crops
(0)

2B

export, other crops

crop residues, other

crops

b)

Figure 10 - CP 300 - Crop production, other crops [Mg/a] rounded to two significant figures;
a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);
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a)

b)

c

no organic carbon is supplied to other crops, assimilation of inorganic carbon,
distribution of crop product and crop residue according to average residue-to-product

rate (RPR)

inorganic nitrogen fertilizer is supplied to the field, nitrogen loss from fertilizer run off
and volatilization, distribution of crop and crop residue according to average residue-to-

product rate (RPR)

inorganic phosphorus fertilizer is supplied to the field; phosphorus fertilizer run off;
distribution of crop and crop residue according to average residue-to-product rate (RPR)
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SI2-2.2.3.1. CP310 - Crop production, other crops cultivation
Carbon [Mg/a],

0 Nitrogen [Mg/aj,
rounded to significant figures rounded to significant figures

latilization, fertilizer
other crops

ixation, other
T,1704600 > crops
CP311 fertilizer CP313 fertilizer CP311 fertilizer CP313 fertilizer
o e CP315, wih, -~ | CP315, th,
aspleslon,aier eficiency, oher ol crops ® epplcation, otver effiency other ey it trore
(0) (0) ) fertilizer, other 0 y ) y ©
mature crop, other crops crops fertilizer on soil, ferilizer uptake, mature crop, other crops
other crops other crops
fertilizer loss,
other crops
CP314 fertiizer losses, other
CP312,50il stock, crops CP312,s0il stock, crops
other crops other crops
+0 +0
run off, fertilizer other
a) b)
P310.-crop pr ion, other cr Figure 11 - - CP 310 - Crop production, other crops [Mg/a] rounded to two significant figures;
Phosphorus [Mg/al,
rounded to significant figures

a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);

a) no organic carbon is supplied to other crops; no soil carbon stock; assimilation of
inorganic carbon

b) inorganic nitrogen fertilizer is supplied to the field, nitrogen loss from fertilizer run off
CP311.fortilizor CP313 fertiizor CP315,crop growth, and volatilization, fixation of atmospheric nitrogen is assumed to be not representative
application, other efficiency, other - other crops
fertiizer, other o o and not significant
fertiliz | feriliz take, mature crop, other crops . . m . . , o
wops L e S thr crops ¢) inorganic phosphorus fertilizer is supplied to the field; phosphorus fertilizer run off;

fertilizer loss,

other crops

CP314 fertilizer losses, other
crops

CP312,s0il stock,
other crops

]

run off, fertilizer other
crops

c)
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S12-2.2.4. CP400 - Air exchange, C, N fixation and emissions crop production, aggregation

CP400 - Air exchange (2016)
Carban [Mg/a],
rounded to significant figures

Distributiv pracesses for CARBON flows

= Quiputs;
methane emission, crop
production
methane emissions, rice
CELD1ADTS G foxation, rice cultivation
cultivation

Distributiv processes for NITROGEN flows

> Inputs: 2 Outputs:

CP430, n of Nitrogen 0.aggregation of Nitrogen
n volatilzation
1oy

- Air exchan 201
Fhosphorus aj
rounded to significant figures
Distributiv processes for CARBON flows

> Inpuls = Qulpuls:
CP420,Distribution, CH4
emission

Distributiv processes for NITROGEN flows

> Inputs: > Outpuls:

CPad0,aggre of Nitrogen

CP400 - Air exchange (2016)
Nitrogen [Mg/a),
rounded to significant figures

Distributiv processes for CARBON flows

> Inputs.

tion, Carbon
n

Distributiv processes for NITROGEN flows

M fixation, crop

>inputs: production

2 Quiputs:

clatiization of N
fert

2 Quipyts:

wolatiliza
)

volatilization, fertiizer ricd volatiization,

Culivation C3704160

- 38470 fertiizer other crops
g N fixation, rice cultivation !
‘ b)

Figure 12 - CP 410 - Air exchange, C, N fixation and emissions crop production, aggregation [Mg/a]
rounded to two significant figures;
a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);

a) Carbon fixation to rice crop production and other crop production, Carbon emission
from rice crop production only
b) nitrogen fixation for rice production only; nitrogen fertilizer volatilization for rice and

other crops

c) no atmospheric phosphorus flows are considered
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S12-2.2.5. CP700 - Residues crop production, collection

CP700 - Residues crop production (2016 CP700 - Residues crop production (2016
Carbon [Mg/a], Nitrogen [Mg/a],
rounded to significant figures rounded to significant figures

CPTIn DG e s ® CPTIDDisiinaten.fce staw —o

cropping cropping
crop residues, rice straw crop residues, rice straw
CP720,Stock of crop residues, other crops CP720,Stock of crop residues, other crops
500500 (D——29:29>—»|
(D—E50> | +500£500 O—@=2 [ +29429
crop residues, other crop residues, other
crops crops
a) b)
Figure 13 - CP 700 — Residue crop production [Mg/a] rounded to two significant figures;
CP700 - Residues crop production (2016) a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);

Phosphorus [Mg/a],
rounded to significant figures . . . .
Flows for rice crop residues and other crop residues are separated. Other crop residues do

not arise in larger quantities and are assumed not to be further utilized. Rice crop residues

0 CP710,Distribution, rice straw are subjected to crop residue management.
) 21.4:15 B

cropping

crop residues, rice straw

CP720,Stock of crop residues, other crops
®
[ +4.0+4.0

crop residues, other
crops

c)
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CRO0O — Crop residue management

SI2-2.3.

CR000 - Crop residue management (2016)
Carbon [Mg/a],
rounded to significant figures

13,440£950

cropping residues,
rice straw

CR100,crop
residue

distribution

(0)

rice straw, open

management,
residue 2,820+440

rice straw, other

®

airborne emissions,

10,000+960> e straw open

CR200.rice straw

open burning
(0)

burning

Cl

+2,820£440

R300,rice straw
collection

CRO000 - Crop residue management (2016)

Phosphorus [Mg/a],
rounded to significant figures

CR100,crop

cropping residues,
rice straw

residue

distribution
)

rice straw, open

management, 3.50£0.60
residue —

rice straw, other

CR200,rice straw
open burning
0)

burning

CR300,rice straw
collection

+4.50£0.69

nutrient recovery, rice straw
open burning

a)
airborne emissions,
rice straw open
nutrient recovery, rice straw
open burning
c)

CRO000 - Crop residue management (2016)

Nitrogen [Mg/a],
rounded to significant figure.

cropping residues,
rice straw

S

CR100,crop
residue
management,
residue
distribution
@)

airborne emissions,

@ rice straw open

rice straw, open

CR200,rice straw
open burning
)

nutrient recovery, rice straw
open burning

burning

rice straw, other

CR300,rice straw
collection

+71+11

b)

Figure 14 - CPOOO - Crop residue management [Mg/a] rounded to two significant figures;
a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);

Rice straw is subjected to rice straw open burning (CR200). Some Phosphorus, very little
Nitrogen and little Carbon quantities are recovered to rice cultivation from the ash.

and utilized (mushroom production, animal bedding,...) or stored in some cases (CR300).

Rice straw that can be used with the co-substrates in the biogas process, does not need to be

burned openly.
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SI2-2.4, LPOOO — Livestock production

LP00D - Livestock production (2016) ¢

catabolic G emissions,
Carbon [Mg/s), TO2MIT> jygsinck production
rounded to significant figures

Nitrogen {Mg/a],

rounded to sigificant figures

LP800,catabolic Carbon emissions, animal husbandry LPBOD catabolic Carbon emissions, animal husbandry
©) 0

catabolic © | catabolic C | catabolic G
BA0IW> (I 04310

LP200.swine| D> p200.swine
swina faed | husbandry B165 swine fead | husbandry |
© suine export [

Swine manue &
oostor>

(@R
LP300,Catte
catts fosd husand O
ILP400.an o <505

i food catlle export

0162012
cattie expart

LPE0D ive

imgor, livestock
feed

n 5:% manure & LP60D e

0] dung slock

@ 5D oor. -

F502410 LP40D,outtn] calecton|  gxpon, livestock D"} 100 pouin
sbandry

poultry faed husbandry o paultry foed [

o poultry export

poulry manure &

LRS00, aqua
— culture

o)

L]

. ) .
LP700, vesiock manuré colection ST ® LP700, ivestock manure collection
o <370:120> (E) -

livestock manura a)

b)
ion (201 Figure 15 - LPOOO - Livestock production [Mg/a] rounded to two significant figures;
a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);

a) Catabolic Carbon flow represent the metabolic losses or carbon from the livestock,
assuming about 10 % of the Carbon intake get’s assimilated. The residual carbon is
excreted as manure & dung, or contained in the livestock products

b) nitrogen from feed intake is distrusted to manure & dung as well as livestock products
(further information ca be found in SI-1 modelling data)

c) phosphorus from feed intake is distrusted to manure & dung as well as livestock

i5>—(E products (further information ca be found in SI-1 modelling data)

LP500 aqua culture is not considered, due to little data

c)
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LROOO — Livestock residue management
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Figure 16 - LROOO — Livestock residue management [Mg/a] rounded to two significant figures;
a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);

Linear relationships are used to disaggregate the aggregated manure & dung flow
(LP700LR100) by setting the reported species-specific utilization ratios as factors for the
species-specific manure & dung flows (LP200LP700, LP300LP700, LP400LP700) in livestock

production process LP0OOO.
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S12-2.5.1.
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rounded to significant figures
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LR - Domestic bi regation (201
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rounded to significant figures
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| 6.942.7 manure & digestate

manure discharge,
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b)

Figure 17 - LR5000 — Domestic biogas & aggregation [Mg/a] rounded to two significant figures;
a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);
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a)

b)

biogas from domestic biogas plants is assumed to be utilized or released to the
atmosphere (for this study it makes does not difference for the environment is does),
residual carbon in the digestate is discharged to the environment, as is unutilized
manure

nitrogen in the digestate is discharged to the environment, as is unutilized manure
phosphorus in the digestate is discharged to the environment, as is unutilized
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Sl 2-2.6. HCOO0O0 — Human consumption
H - Human consumption (201 H - Human consumption (201
Carbon [Mg/a], Nitrogen (Mg/a],
rounded to significant figures rounded to significant figures
HC200 distribution HC200 distribution
,| organic household ._._. organic household
89245 > waste (D—Cosz> G waste
. organic household waste (0) . organic household waste (0)
import, food HC100,hh generation, Import, food HC100,hh generation,
consumption consumption
(0) (©)
HC300, distribution HC300, distribution
162181 » human excrements 46423 human excrements
i 0)
generation of human generation of human
excrements (urine + feces) excrements (urine + feces)
discharge to @ 89445 discharge to @ m

environment, human environment, human

disposal to environment, disposal to environment,
org hh-waste org hh-waste
® ® (® ()
a) b)
HC000 - Human consumption (2016 Figure 18 - HCOOO - human consumption, & household waste generation [Mg/a] rounded to two
Phosphorus [Mg/a], ienifi t fi .
rounded to significant figures signiticant figures;
a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);
HC?OO—ﬂsmbu':"ﬂlg Sewer system and waste management system are not fully established.
organic househol
waste
) ic household waste 0)
import, food HC100,hh O enration.
consumption generation
(©)
HC300, distribution
human excrements
generation of human ©
excrements (urine + feces)
discharge to

environment, human disposal to environment,

org hh-waste

c)
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LAOOO — Lithosphere/Aquifer
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rounded to significant figures
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c)

Nitrogen [Mg/a],

rounded to significant figures

|
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digestate
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excreta

j
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)

disposal to environment,
org hh-waste

Figure 19 - LAOQO - Lithosphere/Aquifer [Mg/a] rounded to two significant figures;
a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);

a)

atmosphere

b)

c)
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LA200,water hyacinth

¥ Stock
+15.147.6

fithosphere or aquifer

LA300,nutrients in
lithosphere and aquifer
(122)

+122£75

b)

organic carbon emissions to the lithosphere are assumed to end up in aquifer and
surface water bodies; water hyacinths grow and assimilate carbon form the

nitrogen emissions to the lithosphere are assumed to end up in aquifer and surface

water bodies; minor amounts are utilized by water hyacinths;
phosphorus emissions to the lithosphere are assumed to end up in aquifer and surface

water bodies; minor amounts are utilized by water hyacinths;
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S12-2.7.1. LA200 Water hyacinths

LA200 - Water hyacinths (2016) A200 - Water hyacinths (201
Carbon (Mg/aj, Nitrogen [Mg/a],
rounded to significant figures rounded to significant figures
C fixation,
water
hyacinths
LA210,growth, water LA220,collection, LA210,growth, water| LA220,collection,
hyacinths water hyacinths hyacinths water hyacinths
© a0 120>—» © © — 51T 0
water hyacinth nutrient up-take, water hyacinth
uncollected water ~ C240+120 uncollected water ~ <15.1+7.6
hyacinths hyacinths
LAZ230,Stock, water LA230,Stock, water
hyacinths hyacinths
(239) (15)
+240£120 +15.1£7.6
a) b)
LA200 - Water hyacinths (2016 Figure 20 — LA200 — Water hyacinths [Mg/a] rounded to two significant figures;
Phosphorus [Mg/a],

rounded to significant figures a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);
a) water hyacinths grow and assimilate carbon form the atmosphere

b) minor amounts of nitrogen are utilized by water hyacinths;

¢) minor amounts of phosphorus are utilized by water hyacinths;

LA210,growth, water LA220,collection, Remark: it is not possible to set stock and transfer coefficients in one single process;
hyacinths water hyacinths T
s o therefore, this little sub-process had to be created
nutrient up-take, water hyacinth

uncollected water 274130

hyacinths

LA230,Stock, water
hyacinths
(3)

+2.7£1.3

c)
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Figure 21 - Main System, Carbon flows [Mg/a], of the agro-food-waste-system in Hau M{ Bac B in 2016, wit TPAD
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Figure 22 - Main System, Nitrogen flows [Mg/a], of the agro-food-waste-system in Hdu M Bac B in 2016, with TPAD
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Figure 23 - Main System, Phosphorus flows [Mg/a], of the agro-food-waste-system in Hau My Bac B in 2016, with TPAD
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a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);

d) organic Carbon is supplied by biogas digestate, methane emissions from soil organic
carbon are emitted, residual organic carbon is going to soil stock; plant only assimilate
from inorganic carbon

e) nitrogen fertilizer (organic and inorganic) is supplied to the field, no soil nitrogen stock
is considered; N fixation in rice fields; nutrient use efficiency for nitrogen fertilizer is
assumed to be the same for organic and inorganic fertilizers; volatilization of N fertilizer
is larger than run off

f)  phosphorus fertilizer (organic and inorganic) is supplied to the field, no soil phosphorus
stock is considered; low phosphorus nutrient use efficiency, subject to run off;
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b)
Figure 27 - CP 210 - Crop production, rice cultivation [Mg/a] rounded to two significant figures;
a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);

a) organic Carbon is supplied by biogas digestate, methane emissions from soil organic
carbon are emitted, residual organic carbon is going to soil stock; plant only assimilate
from inorganic carbon

b) nitrogen fertilizer (organic and inorganic) is supplied to the field, no soil nitrogen stock
is considered; N fixation in rice fields; nutrient use efficiency for nitrogen fertilizer is
assumed to be the same for organic and inorganic fertilizers; volatilization of N fertilizer
is larger than run off

c) phosphorus fertilizer (organic and inorganic) is supplied to the field, no soil phosphorus
stock is considered; low phosphorus nutrient use efficiency, subject to run off;
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Figure 28- CP 300 - Crop production, other crops [Mg/a] rounded to two significant figures;
a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);
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a)

b)

¢

no organic carbon is supplied to other crops, assimilation of inorganic carbon,
distribution of crop product and crop residue according to average residue-to-product

rate (RPR)

inorganic nitrogen fertilizer is supplied to the field, nitrogen loss from fertilizer run off
and volatilization, distribution of crop and crop residue according to average residue-to-

product rate (RPR)

inorganic phosphorus fertilizer is supplied to the field; phosphorus fertilizer run off;
distribution of crop and crop residue according to average residue-to-product rate (RPR)
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Figure 29 - CP 310 - Crop production, other crops [Mg/a] rounded to two significant figures;
a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);
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a)

b)

c

no organic carbon is supplied to other crops; no soil carbon stock; assimilation of
inorganic carbon

inorganic nitrogen fertilizer is supplied to the field, nitrogen loss from fertilizer run off
and volatilization, fixation of atmospheric nitrogen is assumed to be not representative
and not significant

inorganic phosphorus fertilizer is supplied to the field; phosphorus fertilizer run off;
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! Figure 30 - CP 410 - air exchange, C, N fixation and emissions crop production, aggregation [Mg/a]
rounded to two significant figures;
a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);

Distributiv processes for CARBON flows

2 Inputs: > Quiputs:

a) Carbon fixation to rice crop production and other crop production, Carbon emission
from rice crop production only

b) nitrogen fixation for rice production only; nitrogen fertilizer volatilization for rice and
other crops

¢) no atmospheric phosphorus flows are considered

Distributiv processes for NITROGEN flows

> Inputs: > Outouts:

c)

34 / 46



A. Fritze, V.S. Rotter - Nutrient circularity of an anaerobic digestion project in a typical intensive rice cultivation village in the Viethamese Mekong delta region: a regional material flow analysis and discussion of

modeling practices,
Nutr Cycl Agroecosystem https://doi.org/10.1007/s10705-024-10378-1

SI2-3.2.5. CP700 — Residues crop production, collection
P700 - Resi I I ion (201

Carbon {Mg/a],
rounded to significant figures

"2 860940 CP?ﬂDDistrithat]ion, rice straw 12860940 G
cropping

fl

crop residues, rice straw

CP720,Stock of crop residues, other crops

O, [ +500£500 I

crop residues, other
crops

a)

CP700 - Residues crop production (2016

Phosphorus [Mg/a],
rounded to significant figures

CP710,Distribution, rice straw ‘
(D 205275 - 20518 ®

cropping

i

crop residues, rice straw

CP720,Stock of crop residues, other crops
4.0+4.0
[ +4.0£4.0 ]

crop residues, other
crops

c)

CP700 - Residues crop production (2016
Nitrogen [Mg/a),
rounded to significant figures

CPT‘IO,Dislrib(llJ)t)\Dn, rice straw

cropping

crop residues, rice straw

o @ CP720,Stock of crop residues, other crops
[ +29:29 \

crop residues, other
crops

b)
Figure 31 - CP 700 — Residue crop production [Mg/a] rounded to two significant figures;
a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);

Flows for rice crop residues and other crop residues are separated. Other crop residues do
not arise in larger quantities and are assumed not to be further utilized. Rice crop residues
are subjected to crop residue management.
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b)
Figure 32 - CPOOO - Crop residue management [Mg/a] rounded to two significant figures;
a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);

Rice straw is subjected to rice straw open burning (CR200). Some Phosphorus, very little
Nitrogen and little Carbon quantities are recovered to rice cultivation from the ash.

and utilized (mushroom production, animal bedding,...) or stored in some cases (CR300).

Rice straw that can be used with the co-substrates in the biogas process, does not need to be
burned openly.
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b)
Figure 33 - LPOOO - Livestock production [Mg/a] rounded to two significant figures;
a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);

d) Catabolic Carbon flow represent the metabolic losses or carbon from the livestock,
assuming about 10 % of the Carbon intake get’s assimilated. The residual carbon is
excreted as manure & dung, or contained in the livestock products

e) nitrogen from feed intake is distrusted to manure & dung as well as livestock products
(further information ca be found in SI-1 modelling data)

f)  phosphorus from feed intake is distrusted to manure & dung as well as livestock
products (further information ca be found in SI-1 modelling data)

LP500 aqua culture is not considered, due to little data
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LROOO — Livestock residue management
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R000 - - .
Carbon (Mg/s], Nitragen Mg/a],
rounded (o signiicant figures ® rounded to significant figures
swine manura, swine manure,
fertilizar export ferilizer export
LR20D,export LR200.export
cattie manure, fertiizer 182560 »(E) cattemanure, | IS Bas7a (E)
fertlizer export on. fertizer export .
aggregation \ aggregation fari
o export, manure fertiizer ) axport, manure feriizer
poultry manure. rmissions from domestic pouttry manure,
fertilizer axport Camgiy biogas utiization fertiizer export
livestock manure ivestock manure
swine manurs, swine manure,
domestic biogas domestic biogas
genetation anertation
e BT it e B > o
ckesidues: | domesticbiogas | generation, s o> | domesticbiogas | generation,
outor ganeration ‘aggregation genaration aggregation
© P © s
digestale, domestic || zeng ggregation digestate, domestic || Rsn Aggregation
biogas ldischarge, manure & biogas Kiischarge, manure &
- CGmE—E) digestate
1) — ® [0}
ischarge to
930 environment. manura & savironment, manure &
lswine manune, direc] manure discharge, digesta lswine manure, direct] manure discharge, Cigesiale
environment discharge environment
LR400,dischargs| i LR40D discharge| CETTR
0 EZDE) o envi G2z D>+E)
agregation - aggregation
) fivestock residua to AD ©) ivestock residue 1o AD
paultry manure, pouitry manure,
direct discharge direct discharge

a) b)
P sk asidua managament Figure 34 - LRO0OO — Livestock residue management [Mg/a] rounded to two significant figures;
a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);
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SI12-3.5.1. LR500 Domestic biogas & aggregation

LR - Domestic bi I ion (201 LR500 - Domestic biogas & aggregation (2016)
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rounded to significant figures rounded to significant figures
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Figure 35 - LR5000 — Domestic biogas & aggregation [Mg/a] rounded to two significant figures;

LR500 - Domestic biogas & agaregation (2016) a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);

Phosphorus [Mg/a],
rounded to significant figures

a) biogas from domestic biogas plants is assumed to be utilized or released to the
atmosphere (for this study it makes does not difference for the environment is does),
residual carbon in the digestate is discharged to the environment, as is unutilized

LR510,Domestic manure

bi ti . . . . . . . s
digestate, domestic | oo iioation b) nitrogen in the digestate is discharged to the environment, as is unutilized manure
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SI 2-3.6. HCO00 — human consumption, & household waste generation
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LAOOO — Lithosphere/Aquifer
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Figure 37 - LAOQO - Lithosphere/Aquifer [Mg/a] rounded to two significant figures;
a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);

a) organic carbon emissions to the lithosphere are assumed to end up in aquifer and
surface water bodies; water hyacinths grow and assimilate carbon form the
atmosphere

b) nitrogen emissions to the lithosphere are assumed to end up in aquifer and surface
water bodies; minor amounts are utilized by water hyacinths; some of them are
potential substrates for AD.

¢) phosphorus emissions to the lithosphere are assumed to end up in aquifer and surface
water bodies; minor amounts are utilized by water hyacinths; some of them are
potential substrates for AD.
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S12-3.7.1.1. LA200 Water hyacinths
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b)
Figure 38 - LA200 - Water hyacinths [Mg/a] rounded to two significant figures;
a) Carbon flows (black), b) Nitrogen flows (blue) c) Phosphorus flows (green);

a) water hyacinths grow and assimilate carbon form the atmosphere

b) minor amounts of nitrogen are utilized by water hyacinths; some of them are potential
substrates for biogasification.

¢) minor amounts of phosphorus are utilized by water hyacinths; some of them are
potential substrates for biogasification. e

Remark: it is not possible to set stock and transfer coefficients in one single process;
therefore, this little sub-process had to be created

42 /46



A. Fritze, V.S. Rotter - Nutrient circularity of an anaerobic digestion project in a typical intensive rice cultivation village in the Viethamese Mekong delta region: a regional material flow analysis and discussion of
modeling practices,
Nutr Cycl Agroecosystem https://doi.org/10.1007/s10705-024-10378-1

S| 2-3.8. ADOOO - TPAD plant
ADO00 - Biogas plant (2016) ® ADOQO - Bi lant (201
Carbon [Mg/a], Nitrogen [Mg/a],
rounded ta significant figures rounded to significant figures
C2720:610
export gbiogas
O AD200,fermentation AD300 digestate AD200 fermentation AD300,digestate
Crop residue to AD process, AD separation, AD ®) Crop residue to AD 34360 3 process, AD separation, AD
fermenl:llijun input, ) digestate, AD o nulrfnl recovery, !ermenl:lgn input, 0 digestate, AD © nu!n:lgleﬁstx:ery,
0, 1225 O G821
livestock residue livestock residue
. - » ADﬂgg:;nci’xing‘ . - > AD1$%AnEi,mng.
hh-waste to AD 0 hh-waste to AD ©
0, C14250> ® CFat18>
human excreta, human excreta,
water hyaciths to water hyaciths to
recirculation, liquid digestate recirculation, liquid digestate
2,150+520 140430
a) b)
;D“?“ - Bﬂ'ﬂ p lant (201 Figure 39 - BGOOO — Biogas plant [Mg/a] rounded to two significant figures;
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For Further documentation of the relationships see Supporting Information SI 1-1.6 List
of relationships, Table 6: list of additional relationships in STAN
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Sl 2-4.

Uncertainty assessment

The resulting model uncertainties (after error propagation and data reconciliation) have been assessed according to Klinglmair et al. (2016) if choose too optimistically or
pessimistically. Here x,, represents the input flow value and X;, the reconciled flow value.

Layer Flow Flow name Input (see SI 1) Calculated / Reconciled  Pessimistic / optimistic

uncertainty values

Mass flow  + Mass Rel.STD Mass flow  + Mass Xp — Xp

X, flow %, flow “Txn
C LP300LP700 cattle manure & dung 38,0 19,0 50% 38,0 19,0 0,00
C CP320CP720 crop residues, other crops 495,5 495,5 100% 495,5 495,5 0,00
C CP220CP710 crop residues, rice straw 13283,0 1328,3 10% 12927,1 935,9 0,27
C CP320CP600 export, other crops 673,7 336,8 50% 673,7 336,8 0,00
C HC100HC300 generation of human excrements (urine + feces) 161,7 80,9 50% 206,0 69,4 0,55
C CP211CP402 methane emissions, rice cultivation 150,0 112,5 75% 150,0 112,5 0,00
C HC100HC200 organic household waste generation, 89,4 44,7 50% 94,7 39,0 0,12
C LP400LP700 poultry manure & dung 130,0 65,0 50% 131,3 64,8 0,02
C CP220CP230 rough rice 10541,0 1054,1 10% 10541,0 1054,1 0,00
C LP200LP700 swine manure & dung 202,0 101,0 50% 212,8 90,7 0,11
C LA210LA220 water hyacinth 239,0 119,5 50% 263,0 103,8 0,20
N LP300LP700 cattle manure & dung 2,1 1,1 50% 2,1 1,1 0,00
N CP320CP720 crop residues, other crops 29,0 29,0 100% 29,0 29,0 0,00
N CP220CP710 crop residues, rice straw 345,4 34,5 10% 323,2 23,4 0,64
N CP320CP600 export, other crops 23,6 11,8 50% 23,6 11,8 0,00
N CP104CP311 fertilizer, other crops 66,5 6,7 10% 66,5 6,7 0,00
N CP102CP211 fertilizer, rice cultivation 660,6 218,0 33% 788,9 178,3 0,59
N HC100HC300 generation of human excrements (urine + feces) 45,6 22,8 50% 58,4 19,6 0,56
N CP403CP213 N fixation, rice cultivation 190,4 63,5 33% 201,2 62,6 0,17
N HC100HC200 organic household waste generation, 4,1 2,0 50% 4,3 1,8 0,12
N LP400LP700 poultry manure & dung 16,8 8,4 50% 17,1 8,3 0,03
N CP220CP230 rough rice 258,2 77,5 30% 229,2 72,1 0,38
N LP200LP700 swine manure & dung 15,2 7,6 50% 16,0 7,0 0,10
N LA210LA220 water hyacinth 15,1 7,6 50% 16,6 6,6 0,20
P LP300LP700 cattle manure & dung 0,5 0,2 50% 0,5 0,2 0,00
P CP320CP720 crop residues, other crops 4,0 4,0 100% 4,0 4,0 0,00
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Layer Flow Flow name Input (see SI 1) Calculated / Reconciled  Pessimistic / optimistic

uncertainty values

Mass flow + Mass Rel.STD Mass flow + Mass Xp — Xp

Xp flow X, flow - T xn
P CP220CP710 crop residues, rice straw 31,4 15,7 50% 20,6 1,5 0,69
P CP320CP600 export, other crops 2,9 1,5 50% 2,9 1,5 0,00
P CP104CP311 fertilizer, other crops 34,9 17,4 50% 34,9 17,4 0,00
P CP102CP211 fertilizer, rice cultivation 123,4 40,7 33% 144,3 37,4 0,51
P HC100HC300 generation of human excrements (urine + feces) 5,7 2,9 50% 7,4 2,5 0,56
P HC100HC200 organic household waste generation, 1,3 0,6 50% 1,4 0,6 0,11
P LP400LP700 poultry manure & dung 4,3 2,1 50% 4,3 2,1 0,04
P CP220CP230 rough rice 47,0 23,5 50% 24,9 16,1 0,94
P LP200LP700 swine manure & dung 3,3 1,7 50% 3,5 1,5 0,09
P LA210LA220 water hyacinth 2,7 1,3 50% 2,9 1,2 0,19

Reference

Klinglmair M, Zoboli O, Laner D, Rechberger H, Astrup TF, Scheutz C (2016) The effect of data structure and model choices on MFA results: A comparison of phosphorus
balances for Denmark and Austria. Resources, Conservation and Recycling 109:166—175. doi: 10.1016/j.resconrec.2016.03.009
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