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DairyWater Overview

* Funded by the Department of Agriculture, Food and the Marine

* Aims to help the dairy processing industry increase its sustainability through
increased efficiency of resource consumption
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Environmental LCA of Irish dairy products

* Aim: Develop strategies to reduce the environmental impact of the Irish dairy

processing industry

* Objectives:
* Perform an initial assessment of the global warming potential of the Irish dairy sector

* Assess the environmental impact of the manufacture of Irish dairy products (using a detailed
survey of factories)

* Calculate potential mitigating effects of DairyWater technologies



Discussion points

* The results of this study will serve as a benchmark for the Irish dairy industry as individual
producers and processers can evaluate and compare their performance in comparison.

* Inform policy makers (e.g. EPA) of the significant contributors to environmental impacts as there is
evidence for the inclusion of indirect impacts

* Methods used in the current study may be incorporated into similar international studies.

* The findings of this research highlight a number of areas where plans may be implemented in
order to achieve more ‘environmentally friendly’ production of dairy products in Ireland.

 How do the seasonal variations in milk production affect the Irish dairy processing industry?



Environmental LCA of Irish dairy processing plants

Scence of the Total Environment 579 (2017) 159-168
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Challenges in dairy processing wastewater treatment

Discharge limits
constantly
becoming more
stringent

Varying influent
flow/strength

Inefficient,
outdated,
energy
intensive
systems

Low levels of
process control
with no
advanced
monitoring
equipment

Energy
intensive

Aeration
process 50-
70% of
energy
requirement

Loading
increasing

Approval for
expenditure
-1.5/2 years
payback
requirement

Poor
process
control




Key Research Questions

e a
Can IASBR technology be
used to treat dairy
processing wastewater
effectively?
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Can IASBR technology treat
dairy processing waste
water more efficiently with
regards to energy and cost?
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Phosphorus removal
mechanisms in IASBR




Sequencing Batch Reactors

Activated sludge treatment

system

Time-oriented
system as opposed to
space-oriented, all
process occur in one
tank.

Can remove
phosphorus and

nitrogen along with

organics.

React

T

Asration/mixing



Background

What is an IASBR?
SBR — Sequencing Batch Reactor

Non-aeration . . Settle
i Aeration period
period phase

ke g

React
phase

IASBR — Intermittently Aerated Sequencing Batch
Reactor

Fill Non-aeration Aeration Non-aeration Aeration Non-aeration Aeration
phase period period period period period period
React
phase




Conventional Biological nitrogen removal (BNR) pathway

1 mol NH,

0.5 mol N,
ammonium
oxidisers (AOB) Denitrifying
75% O, bacteria 60% C
1 mol NO, 1 mol NO,
nitrite oxidisers Denitrifying
(NOB) bacteria
40% C

25% O, 1 mol NO,




IASBR Nitrogen removal pathway (via PND)

1 mol NH
: Partial nitrification - denitrification 0.5 mol N,
ammonium
oxidisers (AOB) Denitrifying
75% O, bacteria 60% C
1 mol NO, 1 mol NO,
nitrite oxidisers Denitrifying
(NOB) bacteria
[0)
25% O, 1 mol NO, EES

NITRIFICATION DENITRIFICATION

» NOs +H.0+2H* +3C0; —p 3N3+6HCO; +2H*

NOs + HO + 2H* +  COy — 3N;+6HCO; + 2H*

~ 40% METHANOL SAVED
25% ENERGY SAVED




IASBR Advantages

Intermittent aeration in the react
phase can achieve more efficient PND
if managed correctly

Reduced energy requirement

IASBR offers a degree of process
control that other systems do not
(advanced control, RTC potential)

System highly resilient to shock
loads and changes in influent
strength

Up to 25% Advanlcedd
o control an
fedictionin RTC a viable

option due to
high process
flexibility

requirement in
react phase

Reduction

I Biological
use due to PO4-P
reduced removal

aeration

Reduced High level
requirements of cycle
for space on- flexibility

site and control



IASBR Pilot: Irish Dairy Processing WWTP

500mm Galvanised Steel Ladder
s Influent
=1 .| Reactor

110mm cable duct
Blower /
110mm Ventilation Duct Kiosk 1200x750mm Galvanised manhole cover

E
Conerete Riser @ £

670mm

320

32mm green flexi sludge return pipe

258mm_~
6/{
1 D)
1
200mnt
7

£
=
{7 g =
PSRN i |
Sludge return setiling E élg!
pipe (by others) S ~ £
2 9 £ - o e
rsidh 2 2
i 3 Sy - , : i | 1
L £ [ o} «@ 1 ¢ S s 7 7= |
Float switches to go——| bp : E L% : 3 2 i
inside reactor tank Q IS 2 : L5 3 - X = 2
250mm cable Tray Adiustable rail & £ - % x ) J 2 3 7
50mm PVC Diffuser feed pipe—| Justable ral 2 : / 5 > S — = =
&
Doc 3 Pump
2| U
E|l o Novair 200 nfixgr
El &
S
=3 Doc 3 Pump
= fers
2
1M ]
T 1 m—
4 1— ¥ o o)
SBR Reactor )
Diffuser system: 2 no. 750mm & 2 no. 500mm
, 50mm Layer of sand on concrele slab (by others)
32mm green flexi fill pipe
Fill pump Dormo 7vx pump Lean mix cap around edges o protect layer of sand

with built-on
foat switch




Results: Pilot scale IASBR testing
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Results: Pilot scale IASBR removals

NH,-N (g/day)
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IASBR - Conclusions
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Investigation has exhibited that the IASBR system has a high capacity to simultaneously remove

the following from wastewater:

Suspended solids

Organic carbon

Nitrogen (Organic N, NH,-N, NO5-N, NO,-N)
Phosphorus (PO,-P)

Biological system - More economical and sustainable wastewater treatment option than
requiring chemical P removal

Technology can be easily scaled up for industrial use and has been demonstrated effective at full
scale in municipal treatment

Removal efficiencies are high and demonstrates high performance of the system — further
optimisation will enhance system efficiency and effectiveness

Under varying wastewater strengths energy can be wasted in a constant mode reactor, savings
have been demonstrated using RTC



IASBR for dairy processing wastewater treatment
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Molecular analysis of IASBR

To investigate changes in the microbial ecological structure of laboratory-scale and pilot-

scale intermittently aerated sequencing batch reactors (IASBRs) treating dairy influents.

To correlate ecological shift with the biological nutrient removal profiles in the

bioreactors (efficiency and stability in bioreactor performance).

Analysis of relevant functional gene diversity during high efficiency nutrient removal.

« Recommendation for optimal system design of bioreactors.



Molecular ecology based analysis of IASBR
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A S Contents lists available at ScienceDirect
e craed

ertb

Biotechnology Reports

5] I journal homepage: www.elsevier.com/locate/btre

Evaluation of dairy processing wastewater biotreatment in an IASBR
system: Aeration rate impacts on performance and microbial ecology

Beatriz Gil-Pulido®”, Emma Tarpey*, Eduardo L. Almeida®®, William Finnegan®,
Xinmin Zhan®, Alan D.W. Dobson®", Niall O’Leary®"-*

“ School of Microbiology, University College Cork, College Road, Cork T12 YNGO, Ireland
b Environmental Research Institute, University College Cork, Lee Road, Cork 123 XE10, Ireland
* College of Engineering and Informatics, National University of Irelond Gabway, University Koad, Gabway H91 TK33, Ireland

/\



IASBR AND UV TECHNOLOGY

Storage

IASBR Tecnology
J NH,-N, {, PO,-P,
J TSS

Primary Treatment

UV Disinfection

Filtration
J TSS

UV Disinfection
J, Faecal indicators
& pathogens

J Faecal
indicators &
pathogens




UV TECHNOLOGIES FOR WASTEWATER DISINFECTION &
REUSE IN THE IRISH DAIRY INDUSTRY

STANDARD LPUV DISINFECTION SYSTEM VS
= Stainless steel, fixed power, closed system :
= Continuous flow

= Monochromatic UV light

Flow out

Flow in

One typical UV lamp
housed in a quartz sleeve

<t AN

PULSED UV TECHNOLOGY

= Typically used as a static system
= \/oltage box & xenon flash lamp
= High energy, polychromatic light

= Claranor — food industry




UV TECHNOLOGIES FOR WASTEWATER DISINFECTION &
REUSE IN THE IRISH DAIRY INDUSTRY

Journal of Water Process Engineering 41 (2021) 102070 Journal of Water Process Engineering 27 (2019) 67-76
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