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PROBLEM STATEMENT
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Our nutrient world
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Our nutrient world
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Our nutrient world
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More people.... More food...
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Increasing demand
vs. threatening depletion
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How to produce more food and
energy with less pollution ?
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Objectives research project

Biorefinery

= Nutrient and
energy recovery
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Nutrient recovery processes

Precipitation — struvite, calciumphosphates
Ammonia stripping — NH;

Acidic air scrubbing — ammonium sulphates
Membrane filtration — H,0O, N-K concentrates
Biomass production and harvest — biomass

= Mainly physicochemical unit processes !
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Potential flow diagram of biorefinery
for nutrient and energy recovery
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Potential flow diagram of biorefinery
for nutrient and energy recovery

Problem: Optimal combination different for each waste flow

Research question: What is the optimal combination of unit

processes and operational conditions?
Bi » Given: Particular waste stream
» Optimal:
» Maximal resource recovery (nutrients, energy)
* Minimal energy and chemical requirements
- S’
Approach = Mathematical models
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Prerequisite = marketable fertilizers

|Chemical products

N C0. Hy NHy HS

Cin i I Bioilocs
1 Na'«—> NaSO <« S50,
S, NHs; <— NH,"
AP+ CaAc* # 4
(] 21
o Fer MgOH' <——>Mg

H,PO, «—> H,PO, «—» HPO,> PO,>

o 2+

MgS0, CaHPO, Cay(PO,). MgNH,PO
4Ty

«~—— Fast reactions IS|OW reactions

UNiVERSTET G for fertilizer quality optimization

[r— Insights in chemical speciation required
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Specific research objectives

nutrient recovery systems including:
detailed chemical speciation

minimize energy and chemical requirements
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biological and physicochemical reaction kinetics
interactions between three phases (liquid-solid-gas)

1. To develop generic models for the best available

2. To apply the models as a tool for optimization of
single processes and treatment trains in order to:
maximize resource recovery (nutrients, energy)
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MODEL DEVELOPMENT
AND VALIDATION
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Selection best available nutrient
recovery technologies




Generic nutrient recovery model

(NRM) library

Anaerobic
digester

Combined three-phase

physicochemical-biological models

Reactor model

Challenge =
numerical solution!  gpecies

pH
Slow

reactions .
Chemical
. speciation model

PHREEQC

Interface

reactions

Physico-
chemical model

Biochemical
model
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Important findings & contributions

» Geochemical databases incomplete:

=>» Extended database for nutrient recovery,
e.g. (NH,),SO, AIPO,

» Speed-up of model simulations:
Selective database reduction
= Speed X 4-5
Tight model coupling
= Speed X 10
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Model calibration and validation

Experimental results Simulation results
b T
»
._
N }! B
| “ j l - .-'\"I ”F
=5 ._._,Z-" *,“
;
m B universiTE / 22 i N
UNIVERSITEIT “?’ LAVAL vﬂm. Sdel Nl
GENT mck_ .:l :

11



Model validation:
example NRM-Prec

= |Lab-scale experiments P-precipitation

Different Mg:P ratios
Digestate
sample
Reactor gumg Ce e =g
|Eff|uent I

alig){¥e!

Detailed Precipitate Struvite
characterization (MgNH,PO,.6H,0)
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Model validation: NRM-Prec

= Experimental vs. simulation results (after 12h)

Mg:P Digestate 1 Digestate 2
% P-recovery % P-recovery
Experim. Original Extended Experim. Extended
PHREEQC PHREEQC PHREEQC
11 41 95.60 41.32 28 27.76
2:1 44 97.91 43.62 29 29.29

= Good agreement with experimental results at steady state

= Importance of a detailed chemical solution speciation and
input characterization!
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ANALYSIS AND PROCESS

GLOBAL SENSITIVITY

OPTIMIZATION

[l /Primodat  UNIVERSITEIT

Global sensitivity analysis (GSA)
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= Selection of factors with highest impact on
model outputs (= objective for further study)

l Acquired understanding

Optimal treatment train configuration

UNIVERSITE ___ / ) 26

g wodel 0

LAVAL i,"_/’?nm-.-

13



NRM-AD: Example GSA results
Effect of Fe on H,S- and CH production

0.016

0.014
0.012 | Fe A = H,S-inhibition of methanogens N 7 CH, |

g 0.01 . >
o 0.008
T * Limit for corrosion
o 0.006 . risks (Deublein &
0.004 C . Steinhauser, 2071) 0,0035 atm
0.002

0
= Optimization of biogas and digestate quality ?
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NRM-Prec: Example GSA results

Effect of temperature on P precipitation
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NRM-Strip: Example GSA results

Impact chloride on NH ;-recovery efficiency
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= Practical implication for treatment train:
If preceding P-precipitation
use Mg(OH),/MgO instead of MgCl,
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Treatment train configuration
Target = struvite + ammoniumsulfate

Q_lig_in NRM- | | NRM- | | NRM- NRM- NRM- NRM- NRM- NRM-
- Heat AD Settle Dose Prec Heat Strip || Scrub
1 |
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OPTIMAL OPERATING CONDITIONS?

Organic Struvite Q_lig_out Ammonium
fertilizer sulfate

| Consumables — Costs | I Recovered products — Revenues |
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Treatment train configuration
Target = struvite + ammoniumsulfate

Q_lig_in

OPTIMAL OPERATING CONDITIONS?

Use of Chloride inhibition W
Mg(OH),/MgO Phosphate inhibition W

NRM- NRM-

Settle | Dose 4_

Removal of Ca, Fe ™% Ca-inhibition W
and Al precipitates Fe/Al impurities W
N—zer

| Consumables — Costs | | Recovered products — Revenues |
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Treatment train optimization:
Economic analysis

Variable costs & revenues Capital costs
= Heat requirements = worst & best case = Technology providers
= Chemicals = CAPDET software
= Electricity

= Maintenance, material & labor costs
* Biogas production =» electricity and heat
= Fertilizer marketing = worst and best case

= CO, emission reduction credits: 15 $ ton’
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Treatment train optimization:
Economic analysis

Financial benefits:

~ variable costs:
5 $ m=3 manure y-'
90 $ ton! solids y'

Optimized
Biorefinery

~ variable + capital costs:
2 $ m3 manure y-!
40 $ ton' solids y-

Subsidies &

Heat % ZeroCost-Biorefinery

balances (pay-back time: 7 years)
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CONCLUSIONS AND
RECOMMENDATIONS
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Main conclusions

= Generic nutrient recovery model (NRM) library created

= Default parameters + proper input characterization
= good agreement with steady state experimental
results

= Global sensitivity analysis
=>» optimal treatment train configuration

= Treatment train optimization
=> potential for ZeroCost-Biorefinery
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Recommendations

Detailed characterization of initial input composition
— Essential for process optimization

Determination of kinetic rates in real matrix < pure solutions
— Better prediction of fertilizer quality in time

Experimental confirmation of GSA findings

Additional economic analyses:
Real cases for various waste flows
Co-digestion
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