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Turning the Water Industry into Energy

Neutrality + low water leakage
Water New Zealand Conference & Expo, 21 of Sept. 2017




“ . Danfoss headquarter in Nordborg, Denmark

— e s B e e D s Sl S T S e fowe fimme: Fome Ty

2 | Department (slide master) ENGINEERING TOMORROW %f_‘



Danfoss Drives has global presence

Danfoss VSD centers
* USA (Rockford)
Denmark (Graasten)
Finland (Vaasa)

China (Haiyan)

India (Chennai)
Germany (Flensburg)

Danfoss Drives globally:

~ 4500 people
Sales & service in > 80 countries
20 mill VSD supplied
TS 16949

Flensburg factory Germany

First to introduce
- W dedicated VSD
Rockford factory USA for W&WW

N
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The Water — Food - Energy - Nexus

As population grows, pressures mount

And the relationships between food, water, and energy supplies become critical

Because of growth in global population and the consumption patterns of an expanding
middie class, in less than two decades three key demands will sharply increase

+ Energy-intensive desalnization efforts
use energy to produce drinkable water

N
b\o *&0% L
& &
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Qs Water-
£ Food-
&y Energy
Nexus
« Food production requires
energy to plant and harvest
» Food production oemand for
requires water yood 4-3504
o 905,
S v, %S or
O e T — Qo Moty
°8 «e? + Crops are being Ss e
A\ converted into
biofuels in some
countries

www.cna.org/repors/accelerating-nsks
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A few statements from WEO 2016

Chapter 9: Water - energy nexus:

International
R Energy Agency
Secure - =
S Sustainable «  Water counts for 4 % of global electricity ~

Together

Russia (+ gasoline)

» Electricity consumption expected to double
Wor next 25 years
Ener « The energy saving in “450 Scenario” is ~ 70
larger coal fired power plants
OU-I-‘ + Leakage reduction to 6 % as Denmark ~ 130
TWh saved ~ Poland's entire electricity need
+ Water provision and wastewater treatment ~ 30
- 50 % of municipal electricity bills
+ The Aarhus Marselisborg WWTP facility in
Denmark produces ~ 100 % more energy

than is consumed

+ VSD mention multiple places as a key
component for obtaining these benefits

5 | Department (slide master) ENGINEERING TOMORROW Mf_‘



A case - Ontario Municipal Energy split

1,004 Table 1.1. Ontario Municipal Energy Use by
. {17%) wastewater Facility Type (2011)

Treatment

%) Drinking Water Municipal Energy Use eGWh % of Overall
Treatment i
S w . Water & wastewater treatment 2,235 (] 38% |
( ) Wastewater Pumping .
o & pumping
2] Drinking Water Administrative offices 765 13%
ping
3,692 )

. (62%) All Other Municipal lce arenas 599 10%

Energy Uses

Indoor recreation facilities 579 10%

Figure 1.1. Ontario municipal energy cd

by facility type (eGWh), 2011 Municipal water and lities 462 8%
wagtewater systems are centres 348 6%
typically the largest energy

8A uses reported by Ontario ns 243 4%
municipal governments. 193 3%
Fire stations 193 3%
OMTARIO qQuUE Swimming pools 155 3%
Cultural facilities 92 2%
Ambulances 64 1%
NMESOTA Cttawa A

MNote: Energy use reported in equivalent gigawatt-hours (eGWh),
combining multiple enargy sources.

WISCOMNSIMN
MICHIGAM

HE G e Source: Ministry of Energy, O. Reg. 397/11, 2011 normalized data.

K Chlgagﬂ-
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In Aarhus Denmark this
wastewater treatment plant have
net production of energy (234%)
and still complying with the very
strict outlet permissions.

Why use VSD drives in
the water and
wastewater business? ..

Load
A

The benefits are typically:

» Better water quality

» Better asset protection

* Less maintenance cost

* Reduced energy cost

» Higher plant reliability/capacity
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The energy neutrality concept is a lot more than
optimizing the wastewater facility

Water
Production

Energy reduction:
20-45%

Energy-optimizing
raw water pumping

Pumps which fit
demand

Reservoir filling
at night

Avoid energy
burners

Water
Distribution

Energy reduction:
20-40%

Leakage reduction:
30-40%

Optimized pressure
management/zones

Reduce leakage,
also active leakage

Adjust pressure
to service level

Avoid energy
burners

Wastewater
Pumping

Energy reduction:
5-25 (50)%

De-ragging,
prevent clogging,
save energy

Optimal pump and
pump station
design

Wastewater
Treatment

Energy reduction:
25-60%

Real on-line
computer control

High Speed Turbo
blowers

Energy-optimal
“"bottom” aeration

Sludge age control

Avoid burning carbon

Energy
Production

Energy production increase:
20-60%

High-efficiency CHP
(Combined Heat & Power)
facility

Carbon harvest

AjijeJinau Abudu3j

Insulation of digester

Production when prices are
high

precondition

efficient components and VSDs in all
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process step
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High efficient components — means focus on
Installed energy efficiency ....

M Labor
M Electricity
m Solid disposal ‘ B Investment . m Investment
® Chemicals Maintenance m Electricity
B Maintenance W Electricity
m Other

Wastewater Blower CAPEX/ Motor/VSD
OPEX split OPEX split CAPEX/OPEX split

Installed or "wire to air” efficiency is the trend (ASME PTC 13)
/AC unit
s Output:

. . 5
Input: (£ =(] J E
kKW | Flow

+
N W Pressure
m— + B 4, &8 4 '{E‘ m—
/ . _N  /_

Harmonic mitigation
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Installed efficiency the important point ....

Backchannel cooling vs tradition air-condition

|IE efficiency classes for 4-pole motors at 50 Hz
IE Classes - 4 pole 0,9 o/o%

- -
~ —"

__msadsasas

Efficisncy 3

IE1 Eglow loweest |E cessification

F T T T T T T T T T T T T T S O TR T T T S N T |
AF51.1 16 22 3 4 58 TS 17 15 188 22 30 37 48 55 TS 80 170 1.3F 160 200 250 308 355 7S

Dufput EW

o / \/’—\ \/ rd Vil
150 AQUA Drive
VLTQAQUA Drive 0 Traditional
Low Harmonic Drive vl VsD
-150 / /\ 4/
a0 — NS
»

A —
NN/
Traditional Drive . /\ /\
N
e

Energy efficiency

Active Front End Technology (V1
-150
-300

8 16 2 32 "ms)

AAF vs AFE harmonic mitigation solution

Options_____| Efficiency gained

IE 2 to IE 3 motor 0,9 %
Backchannel cooling ~ 2,5 %

2-4 %
AAF vs AFE 1,6 -3,0%

m Savings % of Inv. of VSD

Backchannel cooling 12 - 20 %
AAF vs AFE 7-23%

Basis for calculations: LHD AC Drive, 0,1 €/kWh, 60 % load, 24/7 operation, 0,4 W AC/W removed
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The energy neutrality concept is a lot more than
optimizing the wastewater facility

Water
Production

Energy reduction:
20-45%

Energy-optimizing
raw water pumping

Pumps which fit
demand

Reservoir filling
at night

Avoid energy
burners

Water
Distribution

Energy reduction:
20-40%

Leakage reduction:
30-40%

Optimized pressure
management/zones

Reduce leakage,
also active leakage

Adjust pressure
to service level

Avoid energy
burners

Wastewater
Pumping

Energy reduction:
5-25 (50)%

De-ragging,
prevent clogging,
save energy

Optimal pump and
pump station
design

Wastewater
Treatment

Energy reduction:
25-60%

Real on-line
computer control

High Speed Turbo
blowers

Energy-optimal
“"bottom” aeration

Sludge age control

Avoid burning carbon

Energy
Production

Energy production increase:
20-60%

High-efficiency CHP
(Combined Heat & Power)
facility

Carbon harvest

AjijeJinau Abudu3j

Insulation of digester

Production when prices are
high

efficient components and VFDs in all
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Well Field Model - VCS Odense DK > 40 % savings

+ The model uses 6 construction elements:
+ And 7 Input/output functions:

Wooldy curve for w ater lovel

Drinking water reservoir

S)
>
) Reservoir stwaterwork
2) 8) Euplanation
Upper possible abstraction
el field with 3 wellz
E kW] 3) -
0 H [mvs) Q [m3rh) Lower pozzible abstraction
» 1 Fed tnangel ilustrates unusual short term abstraction
Green rectangel ares for energy optimal abstraction Well field with 3 wells
Fiequirements to mising of water quality
>
T [Hrs] —5 Record on abstracted volume
> N = = inregardz 1o abotrsotion permits
H [mvs] E [kW] P [Kr/kW] Q[m3/h] CO2 [Kglkw] T [Hrs]
s A
: > L - @
TiHrs] Qm3im) TIHrs] THrs] = 5 el et with S welts

kWh
100

Holmehave Water Works

« Average production: 400 m3/n
80 |

Start stop operation: 30 KWh@ 400 m3/h

o Reaulated 17 KWh@400 m3/h
- Saving: 43%
60
50
40
30
20
10
0
0 100 200 300 400 500 600 700

m3/h
800 900 1000
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The energy neutrality concept is a lot more than
optimizing the wastewater facility

Water
Production

Energy reduction:
20-45%

Energy-optimizing
raw water pumping

Pumps which fit
demand

Reservoir filling
at night

Avoid energy
burners

Water
Distribution

Energy reduction:
20-40%

Leakage reduction:
30-40%

Optimized pressure
management/zones

Reduce leakage,
also active leakage

Adjust pressure
to service level

Avoid energy
burners

Wastewater
Pumping

Energy reduction:
5-25 (50)%

De-ragging,
prevent clogging,
save energy

Optimal pump and
pump station
design

Wastewater
Treatment

Energy reduction:
25-60%

Real on-line
computer control

High Speed Turbo
blowers

Energy-optimal
“"bottom” aeration

Sludge age control

Avoid burning carbon

Energy
Production

Energy production increase:
20-60%

High-efficiency CHP
(Combined Heat & Power)
facility

Carbon harvest

AjijeJinau Abudu3j

Insulation of digester

Production when prices are
high

efficient components and VFDs in all
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The pressure management/reduction concept

PMI

1
Acthve
Leahage
Comtrel

The basic choice in
leakage management

Supply zone boundary

Reduced input
pump head

, Optimized
R4 boosted
o subzone

Optimized ™,
boosted ‘e
subzone

Target level-of-service
pressure—20 m

Pumping
station

City

! Treated water

Treated water .
River | pumping station

pumping station
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Recent case from the US - Emerald ﬁ;i\m
Coast Utilities Authority

341467 Chnl 01 (PSI))
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The effect of pressure management, Gold
Coast Water, Australia

so A 30 % pressure reduction
< > < >
Before pressure management After pressure management
PR TP | N OO SO e Reduction in service breaks 73% . .. .
Reduction in mains breaks 56%
£
S : Service breaks
5 30 boboor e e L S mmmmm . Mains breaks................
(= 5
o :
o
=
s :
s 20 {H--4+1-HUH-- - AHIH-H--HIE - W S A P PPN
E :
=
=
10 AL B A T L. .......................................................................................................................
ulllll |||||||||||||||||| |||I||| ||I|||| bl I s g il s pllinlinisd
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Year
Ref.: Guidelines for water loss reduction IZ ®|¢&ton.
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Pressure management experience

Experience from:
« 112 systems
« In 10 different countries

Average result:
* 38 % reduction in
pressure
« New breaks reduced by 53
%

Other benefits:

« Typical 38 % water
leakage reduction

« Energy consumption
reduced by 20 - 40 %

« Extended asset lifetime

« Fewer network related
complains

Ref:Thornton and Lambert 2007, Water Service Association
of Australia Asset Management 2011 ** 16th January

2013, Coombe Abbey, Warwickshire
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MNumber of | Assessed | Average % | Average
Count Water Utility or 'I':"ressurz |n!t|ﬁl redqctmn d n;t Mains (M) or
ountry System anaged | maximum in reduction] o oo (s)
Sectors in | pressure | maximum | in new
study (metres] | pressure | breaks
Brizsbane 1 100 35% 28% M,S
Australia | Gold Coast 10 60-90 50% 50% M
T0% s
Yarra Valley 100 0% 28% |m
Bahamas | New Providence 7 34 4% 40% M.5
Bosnia . " 59% M
Herzegovin Gracanica 3 50 20% 2% s
o, cl 1]
Caesh 2 T0 33% 245, 3
Sabesp ROP 1 40 0% 318% M
. B0%: | M
Sabesp MO 1 58 65% 397, 3
Brazil " 64% M
Sabesp M5 1 23 300 e 3
o 0% M
SANASA 1 50 T0% 0% 3
30% M
o,
Sanepar 7 45 30 0% 3
. 23% M
Canada Halifax 1 56 18% PETA 3
- . 50% | M
) Armenia 25 100 33% e 3
Colombia Palmira 5 80 75% 947, M5
Bogota 2 55 0% 31% S
45% M
C L 525 32%
yprus EMESOS 0% 3
Bristol Water 21 62 39% ig:f’ M 3
England TE%: ™
i iliti 47.6 y =
United Litilities 10 32% 75 3
ltaly Toring 1 &9 10% 45% M.5
Umbra 1 130 39% T1% M,5
USA American Water 1 199 36% B0%% M
Total number of systems 112
Maximum 100 150 L ANl data
Minimum P T P Al data
| Median] 57 33.0% 50.0% All data
Average| [ 38.0% 52.5% || M&S together
Average] Si.5% 48.8% Mains only
Average] 3% 49.5% [ Services only
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The energy neutrality concept is a lot more than
optimizing the wastewater facility

Water
Production

Energy reduction:
20-45%

Energy-optimizing
raw water pumping

Pumps which fit
demand

Reservoir filling
at night

Avoid energy
burners

Water
Distribution

Energy reduction:
20-40%

Leakage reduction:
30-40%

Optimized pressure
management/zones

Reduce leakage,
also active leakage

Adjust pressure
to service level

Avoid energy
burners

Wastewater
Pumping

Energy reduction:
5-25 (50)%

De-ragging,
prevent clogging,
save energy

Optimal pump and
pump station
design

Wastewater
Treatment

Energy reduction:
25-60%

Real on-line
computer control

High Speed Turbo
blowers

Energy-optimal
“"bottom” aeration

Sludge age control

Avoid burning carbon

Energy
Production

Energy production increase:
20-60%

High-efficiency CHP
(Combined Heat & Power)
facility

Carbon harvest

AjijeJinau Abudu3j

Insulation of digester

Production when prices are
high

efficient components and VFDs in all
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drocess step is a precondition
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The energy neutrality concept is a lot more than
optimizing the wastewater facility

Water
Production

Energy reduction:
20-45%

Energy-optimizing
raw water pumping

Pumps which fit
demand

Reservoir filling
at night

Avoid energy
burners

Water
Distribution

Energy reduction:
20-40%

Leakage reduction:
30-40%

Optimized pressure
management/zones

Reduce leakage,
also active leakage

Adjust pressure
to service level

Avoid energy
burners

Wastewater
Pumping

Energy reduction:
5-25 (50)%

De-ragging,
prevent clogging,
save energy

Optimal pump and
pump station
design

Wastewater
Treatment

Energy reduction:
25-60%

Real on-line
computer control

High Speed Turbo
blowers

Energy-optimal
“"bottom” aeration

Sludge age control

Avoid burning carbon

Energy
Production

Energy production increase:
20-60%

High-efficiency CHP
(Combined Heat & Power)
facility

Carbon harvest

AjijeJinau Abudu3j

Insulation of digester

Production when prices are
high

efficient components and VFDs in all

19 | Department (slide master)

drocess step is a precondition

ENGINEERING TOMORROW M




Energy surplus producing wastewater facility
Marselisborg WWTP Aarhus Denmark

Advanced real-
time online
sensor based
process control

Mindset change:

+ Carbon
harvesting

- Efficiency as

goal

Upgrade to highly
efficient
components
based on ROI

SCADA fallback process control strategy VSD’s on all rotating equipment
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Layout — Marselisborg wastewater facility

Secondary
sedimentation
Sludge thickening

: Pre-dewatering
Biogas

tilization - CHE -

. 28 \
Final ~
dewatering

Storm Water
B\ Holding tanks

L
an
.
"
an

Procestanks
N/DN

Fine Screens and Secondary
Sand Trap Sedimentation

Sludge liquor treatment
Anammox
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The World Wide first energy-neutral catchment area
- Marselisborg, Aarhus Water, Denmark

Fact box

* Energy neutrality for the whole water cycle (water supply + wastewater)

e Catchment area for 200,000 people. No wind, solar or heatpump energy is produced

* Based on energy savings & household wastewater energy production (no external carbon)

Marselisborg catchment area

2014

‘ Status

Energy consumption

Water treatment, distribution [kWh] (avg. 0.51 kW/m3, high) 3,1 mill 3,2 mill
Wastewater transport [kWh] 0,7 mill 0,8 mill
Marselisborg WWTP [kWh] (BODs = 2,4/TN= 6,0/TP = 0.2) 3,4 mill 3,2 mill
Total energy consumption [kWh] 7,2 mill 7,2 mill
Electricity production [kWh] 4,4 mill 4,8 mill -I’DSta"ed .-ln;_f{,
Heat production [kWh] 2,1 mill 2,6 mill
Total energy production [kWh] 6,5 mill 7,4 mill

Own energy supply degree
Wastewater treatment process, electricity and heat [%] 192 %
Wastewater treatment process, electricity [%] 142 %

Total Marselisborg catchment area [%]
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What has been done to achieve these results?

Key elements for obtaining beyond Energy Neutrality:

« Process control based on online sensors (RAS, N & P, fall back strategy)

VSD drives on all rotating equipment (from 40 % to 100 %)

« Carbon harvesting

« Highly efficient components (Bottom aeration, High Speed blowers ..)
 Deep process knowhow

« CHP installation (electricity & heat) I
(- HEAT & ELECTRICAL ENERGY

Load
F 9

WASTEWATER SLUDGE ANEROBIC DIGESTION BIOGAS

— BT

Bio-bus - showing where the fuel comes from
S

v

urce: Wessex Water/Julian James Photography.
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Simultaneous Nitrification/Denitrification

Nitrogen Removal - Process Rates inside floc

| |

0,9
0,8

0,7 T

0,6

/
05 (
\

N

Oxygen
uptake
increase
dramatic

04

0,2

Fraction of max. process rate

0,1

0 T 1| T I l 1
0 05 1 1,5 2 25 3

Dissolved Oxgen [mg/l]

Nitrifcation Denitrification

24 | Department (slide master) ENGINEERING TOMORROW M




Anammox on side-stream and partly nitrite

shunt

Side-stream Anammox

Mixers

Blower

sludge pumps

inlet
piping
system Inlet pumps in dewatering building
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Partly active Nitrite shunt

(Due to an out selection of the Nitrite Oxidizing Bacteria)

Heterotrophic Bacteria
Anoxic Environment

Autotrophic Bacteria
Aerobic Environment

/ N

N
P . 1 mole Nitrite g, 1 mole Nitrite
Nitritation (NO,) ; (NO,) 0% Carbon (BOD)
75% 0O, (energy) Denltrltatlon
~100% Alkalinity A”E,”;&';i,aiﬁﬁgiéing
1 mole Ammonia 2 mol Nitrogen Gas
(NHs/ NH, %) (N3)

Advantages:

* 25% reduction in oxygen demand (energy)
* 40% reduction in carbon (e- donor) demand
* 40% reduction in biomass production
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Advanced real
time process
control/modelling

Real time
sensors (level,
flow, analytical,
pressure etc.)

Real time
controllability
mainly via VFD’s

neutrality
& Reduced
Water loss

High efficient
components

L iy,
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How does the concept fit the big agendas......

Energy
neutrality

& Reduced
Water loss
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Energy savings - the energy reduction agenda

Water savings - the water scarcity agenda

GHG savings - the CO, agenda

Longer assets life time
_ N _ ]-the asset inv. agenda

Higher facility capacity

OPEX savings

Good ROI

Less maintenance

Less customer complaints

More stable processes/higher controllability
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Turning the Water Industry into Energy
Neutrality + low water leakage

e [T A

\ﬂ"ﬂ“\ "'“—‘ - , ) i w ” . - Energy
‘f.‘!ﬂ' %’“‘ VSD’s is the “"glue” making it neutrality
A ARt

i & Water
pOSSIbIe savings
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http://www.danfoss.com/energy-and-water/#/
http://drives.danfoss.com/industries/water-and-wastewater/#/
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