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e About Halifax Water i
* Energy Management Program r
 Energy Recovery from PRV Chambers 4
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}

15t Regulated W/WW/SW Utility in Canada i
Halifax Regional Water Commission Act r
Regulated by NS Utility & Review Board

Board of Directors — 100% Owned by HRM
Self Financed — Funded by W/WW/FP Revenue

i
it
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* Water Treatment i

3 Large + 6 Smaller Facilities (227 MLD to 8 KLD)
18 Storage Reservoirs (269 MLD Capacity) r
Distribution System (~ 180 Pumping/Meter/PRV Stations)
7,700+ Fire Hydrants v {
80,000+ Customer Connections

e Wastewater Treatment >

5 Large (344 to 62 MLD) + 10 Smaller Facilities
Collection System (~ 180 Pumping Stations)
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Systems Outside Map Limits

- Collins Park Water System

- Middle Musquodoboit Water & Wastewater
- Wellington Subdivision Wastewater System
- Airport\Aerotech Water & Wastewater

- Bomont Water System

JD Kiine Water
Treatment Pl
(Pockwock)

* Cntnl Water
Operations Depot

'ﬁc-md Wastewater
Operations Depot

. —

Water & Wastewater Service Districts
and Supporting Infrastructure

Water Service District - Wastewater Trunk System
Wastewater Service District = ‘ Water Treatment
Common District . Water Reservoir
Wastewater Treatment ‘ — Water Distribution System

Primary Wastewater Pumping Station @ Y¢ Operations Depot




Halifax Water

Water/Wastewater/Stormwater Systems
Functional Energy Use

L 7 2015 Annual Drinking Water Workshop | Gander, NF | March 24, 2015 ] Hallf&X

Water




 Responsible Energy Management

e Reduced Dependency on Fossil Fuels

e Reduction of Pollution & Emissions X
 Energy Reduction Targets
e Development of Renewable Energy Projects
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Energy Recovery From PRV Chambers
Using In-Line Turbines » |
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- Planning/Design of Pockwock System
- Recognized potential for energy recovery '
- Economics/Energy costs unfavourable
- Availability of Technology

- HRM Amalgamation
- Formation of Water/Wastewater Utility

- Economics/Energy costs remain unfavourable
- Ongoing infrastructure development - Orchard Project

- Pinehill Report

- ID of Projects

- Chain/Robie/Orchard
- COMFIT Program

- WRF/NSE Funding
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Energy recovery using turbines in an Open (i.e. atmispheric
pressure) water system is very common. "

Energy recovery in a Closed (i.e. pressurized) wate':r system is not
common. '

b :
Energy recovery from a Closed water transmission system involves
the installation of a “turbine” to replace the normal function of a
Pressure Reducing Valve (PRV) in the system.
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e Discharge into Resivoir
e Within the Supplyfetwork
e Discharge to the Environment

rf

possible
turbine

spring
catchment

possible
turbine

“Anywhere therg is significant and
sustained flow with a significant and
sustained pressure differential”

consumers

high built-up
area

==, Possible
turbine

pressure breaker

low built-up area
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. Pockwock Lake
Top of Water Elevatio

“ ' lmhwﬂcr \

Water & Wastewater Service Districts
and Supporting Infrastructure

Water Service District e Wastewater Trunk System
Wastewater Service District | Water Treatment
Common District . Water Reservoir
Wastewater Treatment — Water Distribution System
Primary Wastewater Pumping Station @ Y¢ Operations Depot

*Cmtrd Wastewater
Operations Depo

Fall River
MMM)

Systems Outside Map Limits

= Collins Park Water System

= Middle Musquodoboit Water & Wastewater
- Wellington Subdivision Wastewater System
- Airport\Aerotech Water & Wastewater

- Bomont Water System

Lake Major
Top of Water Elevation: 23 m

North Preston
Lokeview WWTF
. v
Sackville Central Water A t&“‘
Operations Depot ™

West Water
i =
nintration Passage
-
d N\ Fergusons
Cove
-
Herring
WWTF



“Pressure Reduction = Wasted Eiergv”

i

* Gravity Based Systems
e Naturally available head
 Excess Energy Available (usually!)
* Pumped Systems — Energy added to satisfy:
e Static Head Requirements; and/or

* System Pressure Requirements. \
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ROSS MODEL - 40WR
Pressure Reducing Valve

GLOBE FLAT SEAT STYLE

Jdd nairax

11 Water
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Pelton Turbines

* High Head, Low Flow
Applications

e Variable Flow
» Radial Nozzle Entry
* Good Efficiency

e Built In Flow/Surge
Regulation

* Open Discharge (Usually)
* Prone to Nozzle Plugging
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e Turgo Turbines
 Medium Head Applications
e Variable Flow
o Side Nozzle Entry
* Good Efficiency
* Open Discharge
* Prone to Nozzle Plugging
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Kaplan Turbine

Medium Head Applications
Side Entry Nozzle
Efficiencies ~87%

Open Discharge
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« Cross Flow Turbine
« Simple Construction

» Good Efficiency over
Varying Flows

 Good Run-of-River
Performance

* Open Discharge
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Francis Turbine

Reaction Turbine

Most Common Hydro Turbine
Small to Very Large
Moderate Flow Variability
Atmospheric Discharge

20
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Pump as Turbine

Limited Flow Variability
Typically Small Applications
Simple Construction

Readily Available
Technology (low cost)

Open/Closed Discharge
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J.D. Kline WSP
[ - Elevation = —-170 m

- Flows = —3,600 m3/

1
WSP vs. Orchard
Elevation Difference — 93 m

Pockwock vs. Orchard
Elevation Difference — 35 m

Pockwock Lake + Pumping Station
- Elevation = —-110 m

Orchard PRV Chamber

- Elevation = ~75 m (Gravity Fed)
- Average Capacity = —33.5 kW

- Flows = —400 m3/hr (1,700 USGPM)

F %
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Orchard Control - Diurnal
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* Formula: P.=AZ-Q-p-g-nt-ne-nf-1/1000 i

E.=P,-8760 R, ‘»
Where: P, = Power (kW) |
AZ = Head (m) v

Q = Flow (m3/sec)

p = Density of water (1000 kg/m3)

g = Acceleration due to gravity (9.81 m/sec?)
N, = Turbine efficiency (75% < n, < 85%)

N. = Generator efficiency (= 92%)

N = Transformer efficiency (> 97%)

E. = Energy (kWh)

R, = Availability Ratio (Up time/To;lcaI time)

Overall Efficiencies Typically 70 — 75%
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Known Data: Head (AZ) =40 m i
Flow (Q) =0.112 m3/sec r
Density of water = 1000 kg/m3 '
Overall Efficiency (n) =73 % !
- Turbine Efficiency (n,) =78 % ¥
- Generator Efficiency (n.) =93 %

»

P, =(40 m - 1000 kg/m3-0.112 m3/sec - 9.81 m/sec?- 73%)/1000
=32 kW
E. =32kW -8760 hrs/yr-0.80
= 225,000 kWh/yr \
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TURBINE SELECTION CHART 1200 RPM
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o Cornell Pump Company -« Portland, Oregon 1200 RPM
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Energy Recovery from PRV Chambers
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e  COMFIT Project ~ $0.14/kWh
 Capacity ~ 32 kW / 225,000 kWh/yr *
 Revenue ~ $31,500/yr *

e  Project Cost ~ $468,000

e Part Funded by WRF + NS DOE $200,000
« NPV~ $350,000

. IRR ~11.4% **

e« SPB~ 8.6 Years **

* Estimated

** Based on HW Contribution Only
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Cornell Model 5TR2 Turbine
e  Marathon Induction Generator

« NSF/ANSI 61 Certified

 Fully Instrumented & Monitored (SCADA)
 Failsafe (Beckwith Protective Relay)
 Integral Surge Relief (Cla-Val)
 Variable Rate Inlet Control Valve (Bray/Rotork)
 Manual Isolation Valves (AVK)
 Mechanical Seal (John Crane Type 1)

e Interconnection 600 VAC — 25 KVAC
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Major Questions to be Answered:

|

Water Quality Impacts? None found. [
Up/Down Stream Pressure Transients? Small Upstream.
Flow Control? No Issues.

Loss of Grid Connection? No Impact.
Turbine Shutdown? No Impact.
Turbine Runaway? Upstream PT due to Flow Redugtion.
Surge Relief? Necessary, automated Turbine Bypass.
Vibration? No Issues Except for Emergency Shutdoyvns.

}
. {
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Energy Recovery from PRV Chambers
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Energy Recovery from PRV Chambers

{ili
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Energy Recovery from PRV Chambers

Valve A

II%II N

Turbine Generat

Valve B {Inlet Pressure i 860kPa
1 ! Discharge Pressure 483 kPa
= { Turbine Rotation Speed i 1217 RPM

||i|| iActive Power i 30KW

{ Apparent Power 0 KVA

nlet Valve Open f Open
nlet Valve Closed Not Closed

i Generator Remote Control | Auto

i Turbine Generator Status On

! Protective Relay Alarm i  Normal

i DC Control Power Alarm On

{ Bearing Temperature Alarm Normal

{ Winding Temperature Alarm |  Normal

Remote Start Enabled :

1
i
1
[

|
Turbine Generator I

Surge Relief Valve
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Ad-Hoc Trend

5
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Lucid Energy — LucidPipe™ Power System

LIFT-BASED
TUREIME

WATER
OYMAMIC

SEALS AMD
BEARIMGS

http:/7/www.lucidenergy.com/

42 2015 Annual Drinking Water Workshop | Gander, NF | March 24, 2015 ] tH {_{]alt’lfax
dLer




%

Questions?

For Further Information Contact:

Jeff Knapp, FEC, P.Eng., CEM
Manager, Energy Efficiency

Halifax Regional Water Commission
(902) 471-2791
leffreyk@halifaxwater.ca
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