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SCADA analysing real time data.
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2. Summary

This reporiprovideghetechnicatiatato demonstratéhataLow Charge AmmonigCA) system usinigvo Sabroe
108Lheatpumpsconfigured asustom HeatPAG with de-superheats, canreplacehe existinggas anddectrical
A/C systematthe Richmond Recreatid@entre The LCA Heat pumpsill be usedo replacexisting systems for
the heatingof the pools and heatimgnd cooling of air in the watd dryareasand theshowersf the Richmond
Recreatio€entre We have also providedestimatedperational cosbmparsonfor both the old and the proposed
new system

Key findings- using Low Charge Ammonia Heat Pumps

a) LCAheat pumps are viable for the Richmond Recreation Centre

b) Heat transfer rates using an LCA heat pump would be engineered to be equivalent to the current syg
upgraded heat exchangers.

c) Cost forpool heating and pool air heating/coobngrgy usage reduced b$6.4%

d) Gas heating is not required with an integrated energy system

e) Cooling the pool hall air in summer becomes possible

f)  The Global Warming Potential of the refrigerant used in the new integrated energysystem is

g) Greenhouse Gas Emissionsradkiced by 605 tonnes@D,-e

h) The SEC of the centre is curre@y9kWh/m3/year

i)  The revised SEC of the centre post installation viill.B&KWh/m3/year

i) Projected lifespan of the LCA system is 30+ years

Energy cost comparisogexisting gas system vs LCA heat pumps

$178,837

$113,753

m Existing System m LCA Heat Pumps

Figure 1 Energy Cost Canparison- estimate

The use of industrial Low Charge Ammonia heat pumps has not been carside@dtllefor aquatic centres in
Victoria befor@ow.The aim of this report is to showcase thathiningLCA heat pumps with other energy saving
technologies can dramaticediyuce the energy consumption costs of aquatic catiliegnvironmentallfriendly
refrigerantsandsubstantially redemaintenance costs for councils.

Integrated Energy Systems can levdaage amounts dbw-gradeheatand heat recovei§ the refrigeration
engineers arulilding designers incorporttes technologinto their designduring theplanningstagesthe aim of

this report is to provide information for the council to better understand how these heat pumpstifienction
operationatostsand the best configuratitmretrofitthisaquatic centre.

In traditional gas systems, the supply output temperature from the gas be&dlewxtiscB0s much higher than an
LCA heat pump water output temperature 8C43oweverit is the amount of kW transferred that conotsthe
temperature differentialThe LCA heat pungpassociated heat exchangard pump flow ratesould bere-
engineered thave the same heat trangiiek\W)as the gas systémachieve target pool tempares.

See3.10for a detailed description.
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3. Introduction

0OAquatic centres are major community facilities
any other typeudtling in terms of energy and water consumption, and can consume up to seven times more
area compared to an average commerci

- Energy performance and wa?&r wusage of aquatic centr

The rise intte price of gas for councils in Victoria and NSWd2018andtherealisation that gasagand choice

of refrigerantsvereone ofgreatestontributorto councilgreenhouse emissidmass led to many councils looking

further afield than their usual suppliers for more energy efficient and green solutions. Aquatic centres have some of
the largest energy consumption figures of any commercial building andishimfaetout by the prop@mn of

energycosts that aquatic centres represent for ceuntlileir budgetsBy reducing energy costaquatic centres

councils can go some way closer to runnisgdbatres at breadven or better budgeWith regulamaintenance

anintegrate Energy Systems will last the life of the building.

The incorporation of Integrated Energy Systems is a new approach to these centres thatehasnbtated

successfully in cold storésod processing plangsid othelindustriesn Australia: thissinota new technology. It

has been in use in Australia dbout a centurgnd is only novbeing considerefdr use inaquatic centres. By

integrating the heating and cooling functions into one buildiagsystem, large energy savings can be made, less
equipmenpurchasea nd | ower maintenance costs incurred. By goi
of renewable electricigglar PV systems, PVT systems and thermal storageavtiiobstthesesavinggurther.

This is only possible whrese centres are usargfficientheatingand cooling plarhatis electricallpoweed.

3.1 The Project- Replacement ofthe Heating and Cooling Systemst the
Richmond Recreation Centre

Yarra City Councis in the process afssessing the feasibitifyhigh efficiency heat pumps to replgeexisting
heating and cooling systemthatRichmond Recreation Centre in GlegsteRichmongdVictoria The council has
committed to reducing theirrenhousgasemissions as a ity by means of sourcing 100% renewable eaedgy
thephasing outf gas

This technical evaluation study wasartnershigffort betweeryarra City Council, SmartConsult andrn&c
Refrigeratioms goroof of concepfor the applicability of industrial scale heat pumps in aquatic centres.

3.2 Aims

This report aims to provide accunatedelling forthe performangeeliabilityand cost®f an Integrated Energy
SystemSpecificallythis involves comparing the performanfce@A heat pumpsomparedvith gasbasedsystem

that is currentlynstalled By sourcing accurate and independent information from a range of sources this report
providesthe council with aoundbaselinghey can work frorto determine the viability tfe installation ofieat

pumps

3.3 Methodology

Basing our calculationsthe data provided by Yarra City Council we have been able to model the heating and cooling
and match this to the output of the LCA heat pump.

3.4 Project Deliverables
Analysis of data prowd by Yarra City Council have allowed us to determine

a) Establishinghethermal load profile for the centre aiming the.CA integrated energy system for heating
and coolinghatcanreplace an existing gas aedtgcalA/C systems.

b) Maximumelectricity demand in kW for the pool and pool enclosures heating and cooling requirements.

¢) Theannual kWhconsumption for the pool and pool enclosures heating and cooling.

d) High level cost estimate for pool and pool enclosures heating and cooling.

e) Projected lifespan of the system

Low-Charge Ammonia Heat Pump: Technical Evaluation Pages of 39
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It needs to be noted that the followingxsludedfrom the analysis:
- GeneraElectricity
- General Lighting
- Pool Pump iltersand hot water circulation pughpnd ancillaries

3.5 Information Gathering

Data for this analysis haeen provided by Yarra City Council, Scantec Refrigeration and Johnson Controls
International.Further detailed information will be required dodetailed design specific to the giter to
implementation.

3.6 Current System

The current heating ardoling systems at Richmond Recreation Centre caofirise
- 850 kW condensingnain boiler

- 150 kWecondensingecondary boiler

- 65 kWturbinecogeneration system

- 6 xgashot water systesfor domestichot water

- 8 xpackagedir conditioninginits

3.7 Proposed System

Two Low-ChargeAmmonia(LCA) heat pumps to simultaneously provide the space heating and cooling for the site,
as well as hot water for the pools and DHW

3.8 Pool and Pool HallRequirements

Determinethe heating and cooling loads frahe dataprovidedand modethe performance of bow Charge
Ammonia heat pumgystento calculate projected energy consumption.

3.9 Wet andDry Area Air Conditioning

Summarynvestigatiorof the currentpool heating andry areaA/C systemand its conversion wsinga hot and
chilled water systempoovideA/C services from theCA heat Pumps.

3.10 Pool Heat Exchangers andH eat Transfer

Demonstrate thatsingthelower temperature of the water berngducedy theLCA heat pumpsompared to gas
systemss not an issue.

The heat exchangeveuldbemuch larger in size than the existing heat exchangers to allow for sufficient heat transfer
to the pool water. More details on this type of heat exclaaegeailable ilppendixD

Considerations in designing and sizing heat exchangers

In traditional gas systems, the difference between design pool water return (26°C) and pool water)supply (45°C
temperaturess generally greater thashenusing an LCA heat pumigoweverjt is the amount of kW transferred

that counts, not the temperature differenfifle LCA heat pump and associated heat exchangers and pump flow
rates would be tengineered thave the same heat supply (in kW) as the gas system to achieve target pool
temperatures.

If you increase the heat exchatogarithmic mean temperature(diféi@nttes would allow the heat exchanger to
be smaller/cheapdroweverthis decreaséise heat pump COP and therefore its energy efficiency.

A supply temperature to the pool of 45°C (Scenario 1) is possible and would require the warm outlet temperature
from the heat pump to be 49°C for a 4K apprbbetween heat pump and pool supply &atpres. If the supply
temperature to the poo| &gy 33°C (Scenario 2), then the required warm outlet from the heat pump is 37°C for the
same approach. This will deliver significantly better COP than 49°C.

14K approach refers to thkemperature lift in the heat exchanger to achié@dnfut and 4€ outputa technical terfior heat
exchangers

Low-Charge Ammonia Heat Pump: Technical Evaluation Pager of 39
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The speedwith which a volume of water is heated is a function of the amaupptiecheatingin kW) and flow
rate A pool water supply temperature of 45°C is no guarantee of rapid heating if the flow of water supplied at that
temperature and therefore the imga¢ffect entering the pastelativelyow.

If the heat pump output in kW matches the heating output of the existing boiler(s), then the time required to heat the
pool water from temperature A to temperature B will remain unchlirtbecheat excheyer between the pool

water and the warm loop of the heat pump is designed accordingly, it is possible to operate both scenarios and anything
in between. It would be necessary to design the heat exchanger for-ttasavkesthere KA is the element viith

The |l ogarithmic mea misgiwmlythe @eratingeonditiorfs fequires.nTheeunit!fof KA is
WI/K and is represented by the product of surface area A in m2 and the heat transmission k in W/m2K at the prevailing
operating condition.

3.11 Domestic H ot Water H eating Requirements

Hot water for showers is provided from the desuperheaters agaithbleeapumps. A desuperheater will provide
water at up to 8TC andthiswill be available whenever the heat pump is operating. This hot water is a product of the
operation of the heat pumps and accounts for ab8ut 6f thetotal heat pump output. Any excess hot water
produced can be fed back into the pool hekipy45°C).

3.12 The Richmond SEC efficiency metric

Specific Energy Consumption(SEC)is a widely used metric employed by designebsiigaets of cold storelé

is usefufor aquatic centres as it allows for a meaningful measurement of the heating required in the pool (not
measured specifically asgbel has a known heat loss rate) and the air heating requirement measure in volume. This
metric captures theverall efficiency of the buildingnvelope.

The currentSEC was calculated to He9whichis comparatively high dde the losses from the skylights in the
roof over thepooland a lack of roofginsulationDue to the heritage design of the building, this Idg#fidsilt to
overcomedn this siteThe SEC metric is discussed in more datailn sectior® of this document.

Table 1 Specific Energy Consumption (SEC)

Pool Hall + kwh Specific EnergyConsumption
Gym Volume m3 Consumption (SEC)in kWh/m 3/ p.a.
Current SECp.a. 37,360 2,835,443 75.9
New SEC Post LCAp.a. 37,360 666,771 178
Savingsp.a. - 2,168,672 76%

Note - The kwWh Consumption referstte energy uder space heating and coolamgl pool heatinthat is
comprised of both electricitgnsumptiorior the A/C as well asonverted gas usage.
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4, Sizing of theLCA Heat Pumps

The system was sized to meet t he b uanbidntairgsdhe onfghea mu m h
source for the heat pumps. Wieoleof buildingheating and coolingadsand thepool heating loaevereplotted

againsthe production from the heat puntmssed oithe ambientnlet temperat@rcapped at 3C. This is shown

in the table and graph below.

The performance modelling graph demonsttiad¢theproposedystem is well within its capabilities at each ambient
temperature data poilithile the graphshowdaily summariethe calculations are basedhmurly data poistover
the full 365 dayssing weather data for the Richmond location.

Table2 shows thathe maximumusageof the heat pungp capacitys at70% and is reached onsingle point in
SeptemberThe reamaximumaverage usagéthe heat pump capacigin July and Augustvhichis 46%, with a

yearly average &#%.
Table 2: Peakand averageusageof heatpumpcapacityacrossa year
January 28% 17%
February 30% 18%
March 39% 22%
April 47% 30%
May 52% 39%
June 58% 43%
July 60% 46%
August 67% 46%
September 70% 43%
October 42% 26%
November 40% 26%
December 42% 24%
Peak / @ 70% 32%

* Note this modelling ia worstcase scenariased omnly air as a heat source
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4.1 LCA Heat PumpsPerformance ModellingGraph

Figure 2: Max System HeatProduction vsHeat Load for Richmond Recreation Centre

kW™ Maximum System Heat Production vs Site Heat Demand (Daily, in kW)
2500
h W\[\AW

i /\/\MW W

1000

500

0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
—Maximum Site heat load —Max system possible heat production at ambient temperature
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4.2 System Inputs and Outputs
Figure 3: Cooling and Heating Output/Demand, and LCA Power Input graphs

kW™ Average: Monthly Cooling Output, Demand and seasonal COP cop
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5. Parametersused toformulate this report

To establish the heating and cooling loads for theutitaeteredjasandelectricityusagalatawasprovided by
councilto establish a demand basehhdtiplesets of datavere provided of which the following wesed to
calculate the heating and cooling loads for the aquatic céhtt&eddell SRichmond. These were

Gas usage profiles from gas-sdiers installed for the cogeneration system andithboitar

Gas bills for the 2019 calendar year

Electricity consumption from suibeters installed on the mechanical distribution boards on site.
Electricity production fromthew gener at i o-metsyst emds sub
Electricity interval data from the main meter.

Electricity bills for the 2019 calendar year

oukrwnhE

5.1 Existing energyusaged Gas and Electricity

Gas Data

The @s datavas proided in m usage in hourly incremeptger a full yearom both thecogeneratioandmain
boiler submetersand wereconvered toGJ. A smallportion of thegas usag®r a secondary smaller boiler and
ancillary hot water systems used for the spa and domestic hoawatéssinghis waseconciledrom thebillsas
seen in the table below

Thedata was theadjustedscaled to matdine monthly usageom the bills using the same usage patseierived
from thegasusage fikkand converted to kiV- The boilers data wasultiplied by0.9beng theefficiencyof gas
boiler(COP of 0.9andthe cogeneration data wasltiplied by 0,%eing the efficiency of the system (COP of 0.5)

Table 3: Normalised gas data

COP: 0.9 COP: 0.5

All boilers (main

vonn | gJoel | Mein | Cogen  Secondary - &secom) | oy heaingoad

o load kWhT Kwht
Jan 593 284 167 142 106,495 23,156 129,651
Feb 572 266 156 149 103,943 21,702 125,645
Mar 732 347 204 181 132,024 28,289 160,313
Apr 860 439 258 163 150,675 35,773 186,448
May 1,120 586 344 189 193,941 47,768 241,709
Jun 1,181 632 371 178 202,622 51,482 254,104
Jul 1,332 726 426 180 226,532 59,151 285,683
Aug 1,380 746 437 197 235,743 60,723 296,467
Sep 1,178 621 364 192 203,324 50,603 253,927
Oct 920 487 286 147 158,613 39,681 198,293
Nov 973 511 300 163 168,386 41,618 210,004
Dec 964 506 296 162 166,914 41,183 208,097
Totals 11,804 6,153 3,608 2,043 2,049,212 501,129 2,550,341
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Electricity Data
ElectricityUsagalata wasxtractedrbm thefiles as provideby Council

szsult

1. The electricity heating lofd the A/C was derived from theterval datérom electricity sutmetersc
2.5(EstimatedCOP of these unilsThepercentagtor the dry areas and gpifithe overalklectricity
usagdrom submetershowed thabnly 37%o0f the total site electricity consumpticars useébr A/C
and for heating onfgr the months from Apriio October.

2. The 37% waan average of the total A/Caggfrom 2 relevanmnechanical distribution boaais

provided by th€ouncil.

Existing thermalload summary

eating eating eating A eating 0oling ea
Oad Oad Oad ca 0 Oad a Oad Oad a 0]0
oad A A oad
Unit KWHT KWHT KWHT KWhT KWhT KWhT Kwr Kwr
Total | 501,129 | 2049212 | 2550341 | 352,643 | 2902,984 | 360,111 890 191
Existing €electricity and gasusagesummary (excluding Solar)
C > Ola e > a al energ
e enerato > O ajelo ea O > g & 00 0
age oge ead Pea A O oad as & A
Demand %
Unit KWHE KWHE KWHE KWE kWh kWh kWh
Total | 643,095 127,449 770,544 176.77 285,101 | 2550341 2,835,443

5.2 SabroeHeatPAC 108Lheatpumps

Thesystenwas sizedsing 2 x He&AC 108L Sabroe Heat Punagsa custom configuratidrable5 shows the
COP and shaft pow#sr the SabroeleaPAC108Lasprovided by Johnson Controls.

Table 4: SabroeHeatPAC 108L Output Specifications

Ambient Air ~ Shaft Electricity = Heat Pumps x 2|  Single Unit Duties, kW Nominal COP
°C kw kw Heating Cooling Hot Cold Total
0 111.4 222.8 405 316.7 3.64 2.84 6.48
5 123.1 246.2 494.6 392.6 4.02 3.19 7.21
10 134.6 269.2 614.9 498 4.57 3.7 8.27
15 140.2 280.4 740 613.2 5.28 4.37 9.65
20 147.7 2954 872.3 734 591 4.97 10.88
25 151.6 303.2 1017 870.6 6.71 5.74 12.45
30 154 308 1181 1028.7 7.67 6.68 14.35

5.3 Ambient weather / temperature file

We used an hourly temperature file for the whole year, Riclimeondocation for the Aquati€entreat11
Gleadell StThis was sourced from ddelioscopeSolar program andasi MY, Melbourne RMY (epwifile
adjusted by the program for the Richmond location

Low-Charge Ammonia Heat Pump: Technical Evaluation
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5.4 Heat Pump Inlet Temperatures

The heat pumpnlet temperatures are critical to the performafritte heapump.In Table5 the number of hours
for each degremave been summarizadthe Richmond location. This shows thate are relatively fdwurs at
low temperatureshichaffectthe efficiencyof the heat pump

The COP of thé&abrodHeaP AC 108Lvariesaccording to theambient temperaturas shown belaw

Table 5: Ambient Temperature 8 Number of hours and COP

°C Count Hours Seasonal °C (cont.) Count Hours SEEE]
COP Hot COP Hot
0

0 3.64 16 438 5.41
1 3.68 17 433 5.54
2 3.74 18 365 5.68
3 51 3.82 19 335 5.81
4 123 3.92 20 305 5.95
5 198 4.02 21 271 6.09
6 292 4.13 22 234 6.24
7 472 4.25 23 186 6.39
8 489 4.38 24 143 6.54
9 545 4.50 25 96 6.71
10 530 4.63 26 92 6.88
11 608 4.76 27 79 7.07
12 621 4.89 28 54 7.26
13 555 5.02 29 33 7.46
14 575 5.15 30 98 7.67
15 529 5.28 Total Hours 8,760 -

*See further description in secehon how we intentb increase the inlet temperatures in the wiktemstance,
if we increase the inlet temperature$®yhen the efficiency increases by around 5%.

5.5 SundryParameters

Pool & enclosuretemperatures

Pool Temperature |
Pool 50m 30C
Toddler pool 32C
Ya 37°C

Pool enclosure and pool size summary

Pool Enclosuresareas m3
PoolHall50m + Toddler and Spéolume 34,203
Dry Area Volume 3,157
Total volume 37,360

Pool opening hours
DEVS Monday - Thursday Friday Saturday Sunday
Opening hours 6amo 10pm 6amo 9pm 8amad 5pm 8amo 5pm
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6. Results

6.1 Performanceresults

Existing Thermal Load

Electricity Total Heating Electricity Max Peak kW

Month Gang:c?ting A/C Heating Load Gas + A/C Cooling Heating Load '\cﬂgéﬁgafol;\év
Load AlC Load Gas + A/IC
Unit kWHht KWHht KWHht kWht kwrt kwrt
Jan 127,754 0 127,754 64,382 523 191
Feb 123,297 0 123,297 54,959 573 177
Mar 164,096 0 164,096 56,798 692 172
Apr 185,426 51,473 236,899 0 717 0
May 241,344 56,476 297,820 0 765 0
Jun 251,366 62,946 314,312 0 825 0
Jul 286,492 64,959 351,451 0 782 0
Aug 297,491 61,172 358,663 0 829 0
Sep 256,305 55,616 311,921 0 890 0
Oct 198,334 0 198,334 68,052 636 156
Nov 209,767 0 209,767 57,287 681 149
Dec 208,670 0 208,670 58,634 662 161
Total 2,550,341 352,643 2,902,984 360,111 Max: 890 Max: 191

Existing Electricity & Gas Usage

. - Electricity A o o Gas
onn | CTOSESICY  caneatan | TOSIEEHEY | Goctiyies  Clooti | consumpen
Unit kWHE kWHE kWHE kWHE kWE GJ
Jan 62,298 7,304 69,602 25,753 177 591
Feb 50,013 9,402 59,415 21,984 161 571
Mar 52,093 9,310 61,403 22,719 156 760
Apr 44,950 10,696 55,646 20,589 163 858
May 52,276 8,779 61,055 22,590 145 1,117
Jun 51,974 16,076 68,050 25,179 153 1,163

Jul 55,883 14,343 70,226 25,983 146 1,326
Aug 52,719 13,413 66,132 24,469 147 1,377
Sep 53,100 7,026 60,126 22,247 140 1,186
Oct 62,986 10,583 73,569 27,221 146 918
Nov 52,277 9,655 61,932 22,915 148 971
Dec 52,527 10,862 63,389 23,454 145 966
Total 643,095 127,449 770,544 285,101 Max: 177 11,804
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NEW Thermal Load

Month Heat Pump - TotaI.Co.o.Iing Average of Average of Excess Cooling

Heat Load Availability Heating COP Cooling COP Available

Unit kWHT KWHht COoP COoP KWHT
Jan 127,754 107,962 5.95 5.03 43,581
Feb 123,297 104,302 5.92 5.00 49,343
Mar 164,096 137,777 5.68 4.77 80,979
Apr 236,899 195,294 5.23 4.32 195,294
May 297,820 242,157 4.89 3.98 242,157
Jun 314,312 253,150 4.63 3.73 253,150
Jul 351,451 281,844 4.56 3.66 281,844
Aug 358,663 289,035 4.68 3.78 289,035
Sep 311,921 253,500 491 4.01 253,500
Oct 198,334 162,249 5.15 4.24 94,198
Nov 209,767 174,531 5.49 4.58 117,244
Dec 208,670 174,667 571 4.79 116,033
Total 2,902,984 2,376,468 Avg 523 Avg 4.32 2,016,38

The new thermal load matches the existing system load over a full year.

NEW Electricity Usage

Total LCA Heat Pumps

Month SystemElectricity Total LCA Heat Pumps = Remaining Electricity Total Electricity Site

Usage SystemPeakDemand Site Usage? Usage
Unit kWHE kKWE kWHE KWHE
Jan 24,744 104 40,434 65,178
Feb 23,798 116 31,771 55,569
Mar 33,176 144 34,589 67,765
Apr 52,378 177 30,825 83,203
May 70,377 186 38,646 109,023
Jun 77,829 245 36,553 114,382
Jul 88,851 204 41,288 130,139
Aug 88,672 214 39,820 128,492
Sep 74,183 223 40,451 114,634
Oct 45,559 169 42,928 88,487
Nov 44,504 163 36,358 80,862
Dec 42,700 146 35,785 78,485
Total 666,771 Max 245 449,449 1,116,220

ATheremaining-onsumptioraboveincludeshe electricitysage fopumps Jightingandancillaryequipmentsage
for the site
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6.2 Summaryannual running costs for thepools andenclosures

A: Estimate ofannual running costs usingan LCA H eatPumps Systemao no solar
Item Levelized mst per kWhA Total Est. Units Total Cost

Electricity Heat Pump $01706* 666,771kWh $113,753

ANote: This cost per kWh is @verage costvhichincludesthe kVA chargeSeeAppendix XXII for a breakdown of the cost
and assumptionis.also reflects the higher demand charges based on the ratchetttasiffasthemaximum estimatl demand
per month iset at a conservagiB0kVA.

B: Estimate of annual running costs from the report using gas boilers and the existing Aé@iller

Item $Unit ( GJ or kWh) Total Est. Units Total Cost

Gas Cost $1137/ GJ 11804GJ $134,22

Electricity Cost" $0.1%5/ kwh" 285,10kWh $44,68
$17833

"Note: This cost per kWh is average costvhichincludesthe kVA chargeSeeAppendix XXI for a breakdown of the cost
and assumptions.

6.3 Maintenancecomparisonbetween existing system and LCA heat pumps

Maintenance Costs Actual p.a. Cost
Existing A/C Chillers + Cogen + G8wilers $85,000
Low-charge ammonia heat puiestimate) $20,000

6.4 Comparison of annual running costs inc maintenance (no solarp.a.*

Current System  Proposed System‘ Saving Total Savings
Electricity + Gas $178,838 $113753 $65,085 36.39%
Maintenance $85,000 $20,000 $65,000 76.47%
TOTAL $263,838 $13,753 $130,085 49.30%

*Note: Energytariffsusedare standard large market tariffs, maintenance costs are standard costs for existing gas and A/C systems.

6.5 Greenhouse Gas Emission savings

Item Gas Type Total t CO»ep.a.
Current System Natural Gas & Refrigerant Lealag 605
Proposed LCA System Ammonia 0
Reduction in tonnes ofCOx-e 605

SNote: Natural emits 0.05 tonnes@®.-e/Gj, while the average leakage of refrigerastimated at 15 tonnes of
COs-eper annum
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7. Pool andBuilding AC Control andSystemDesign Approach

7.1 Design

Scantec will design and specify the best system based on the specific environmental combigletesignswill

employ the same design principles as those applied to any other medium to large scale industrial refrigeration plant
design employing thensa refrigerant. In addition, it will adhere to the relevant standard predominantly AS/NZS
5149 Refrigerating Systems and the Standards referred to the therein.

7.2 SCADA Building Pool Controls and LCA Systems

A SCADAcontrol systerwith a customisedisplaysuch ashe one kown below will be developed for Riehmond
RecreatioiCentre Thiscan also be integrated with BMS,pool equiprant, filters etc.

Fan Status Heating Vaive

Load Shed Required fale Change R o -

Site Load kW

Fan Status Heatling Vaive

Fan Status Heating Valve

Fan Status Heating Vaive
Flow Meter Vs
Pump Speed @ 96%
Fan Status

Figure 4: Example SCADA Screen
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8. DifferencesbetweenTraditional Systems and LCA Systems

LCA heat pumps have capacities upWV (Drammen Norway) or even larged a large aquatic centre will use
two heat pumps to service the entire building (this allows for one to be serviced whilst the other heat pump continues
operating). This greatly reduces maintenance costs as the centre hasemtigltwemat pumps toesvice.

The additional benefit from using an integrated energy system is that that the compressors would normally be installed
for use in the HVAC air handling system for the pool hall and other air conditioned areapleaedisy heating
and coolig coils that connect into the system: a further saving in energy and maintenance cost3 alatzled in

In addition, this plant concept @ilg secondary coolithgating media on the cold and warm sides will totally
eliminate the employment of HFC refrigerants, which are being phased down in Australia and across the world for
environmental reasofsee sectiohl.3- Why GWP is important).

Table 6: Differences between existing design and integrated energy system components

Type Existing gas/electric system Integrated Energy System

Pool water Gas boiler and/or CoGen LCA heat pump

Pool air HVAC unit-internal heat pump LCA heat pumypcoil and fan

Air Conditioning Gym HVAC unit with heat pump LCA heat pumpcoil and fan

Air conditioning exercise HVAC unit with heat pump LCA heat pumypcoil and fan
spaces

Hot water for Showers Gas HWS with storage LCA heat pump water heated by

desuperheaters(s) held in storage tai

8.1 Utilising the whole output from the heat pump- hot and cold

As the heat pump is producing warm and cold water from the gapuaression cycle gthnit can be used to hea
the pool wateandpoolenclosurair,while als@ir-conditionngoffice aregslry exercise areaml thepoolenclosure
air in summeifThere is more heatitigan coolingequired in an aquatic centre in Victoria for most of the year.

8.2 A matter of balancing energy loads

Until nowenergyn aquaticcentredasbeenviewedn simpletermslf youneedo heatthe poolyouusegaso heat
thewaterlf youneedo cooltheair,youuseaheatpump(HVAC compressotp cooltheair.Butwhenweintegrate
theenergysysterain the centre awholeotherrangeof opportunitiesareavailabléo usfor savingenergy.

Onceyoureducehe costof energyroductionin the centreto averylow levelthenthe opportunityto storeenergy
for useat peakelectricittimesbecomesnoption.However this storagef energyneedgo becarefullyconsidered,
astheamountof energyequiredn thewholecentreis solarge Thepercentagef energynputvs storageshouldbe
carefullycalculatedschanginghisratioisverydifficult oncethecentrehasheerconstructe@ndspacén thebuilding
hasbeenallocated.

Low-Charge Ammonia Heat Pump: Technical Evaluation Pagel9of 39




Yarra Clty Council S artconsult
Integrated Energy System for Richmond Recreation Centre

The energysagevithin anaquaticentreis summariseth Figure5. As aruleof thumb,the heatloadfor airin the
wetexercisareass usuallyarounddoublethe heatloadfor waterin the pools.

4.5%

5.5%

13%

54% 3%

Figure5Aquatic Centre energy OUnderd8tanding swimming

The flows of energyin the systenmaresummariseth Figure6 andthe diagranis quitecomplexasthe demand®f
the energyflow in the systemarecomplex A robustdesigrof thesesystemandtheir BMSis essentidb fully gain
the mostefficiencybenefis from the systemAn IntegratednergySystenshouldbeincludedn the desigrof these
buildingdrom anearlystageasmanyelement®sf the buildingdesigraffectthe efficiencyof the systenif the highest
efficienciesirethe ultimategoal

Figure 6: Energy flows in an integrated energy system

Low-Charge Ammonia Heat Pump: Technical Evaluation Page20of 39


























































