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1. INTRODUCTION 

This report presents a preliminary design of a district heating and cooling (DH&C) network including 

production facilities at Sydney, Nova Scotia.  

 

The purpose of this report is to present the concepts under consideration for an energy network in 

Sydney. No detailed design has been undertaken and results and costs set out here are based on 

conceptual assessments only. A high-level economic assessment has been carried out to identify the 

preferred scenario for more detailed development. Cost estimates in this report are based on the 

assumptions laid out herein and are intended for use by Enwave as part of this study project only. 

 

Heating and cooling consumption per building is estimated based on building reports complete by FC 

Scriven, O’Neill. Costs for buildings conversions were also provided by FC Scriven, O’Neill.  

 

A Preliminary DH&C network was developed based on hydraulic analysis to ensure that demand can 

always be supplied on the coldest and hottest days of the year respectively. The capacity of each 

production unit in the scenario analysis is not optimized, this would be carried out as a future detail 

stage of work.  

 

The assumptions and technical information on which the project analysis is based are presented in 

Section 3, which includes the building information, heat demand, cooling demand, a technology cata-

logue with cost estimates on production technologies, the prices of DH&C pipes, fuel prices, an evalu-

ation of available heat sources and the possibility for utilizing air and seawater cooling. 

 

Section 4 outlines the DH&C network development based on the building thermal demand, and an 

assumed location of the new energy center. An analysis of different scenarios for the project was 

carried out where different supply options for both heating and cooling were evaluated. The production 

distributions and investment costs may be used in a subsequent economic analysis. 

 

Section 5 outlines the initial economic results for the preferred scenarios. Results are presented as 

EBIDTA values (earnings before interest, depreciation, taxation and amortization). 

 

1. Ebidta Real (inflation applied) NPV 

2. GHG emissions savings 
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2. CONNECTED BUILDINGS AND ENERGY DEMAND 

Several buildings were selected as candidates for inclusion in the study. These candidate buildings 

were selected by Enwave based on consultation with CBRM, FC Scriven O’Neill, building owners and 

Ramboll. 

 

The buildings are located along the Sydney harbourfront and into the town as shown in Figure 2-1 

below. 

 

Figure 2-1: Candidate Buildings 

 

The existing buildings considered as candidates are set out in Table 2-1 below. Each building was 

assessed for connection based on total potential connected load (heating and cooling), distance to the 
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central plant and cost for conversion. A decision was then made on the feasibility of connecting each 

building based on experience from previous projects. 

Table 2-1: Existing Building Summary 

Building 
Included 

(Y/N/Partial) 

Reason Estimated Cost for Con-

version 

Cruise Pavilion N 

Distance to the central plant 

and relatively low connected 

load. 

$250,000 

Sydney GOCB N 
Distance to the central plant 

and high cost of conversion. 
$789,000 

Justice Centre Y 

Relatively close to the cen-

tral plant and other clustered 

connected buildings. Balance 

between connected load and 

cost for conversion. 

$440,000 

Commerce Tower Y 

Relatively close to the cen-

tral plant and other clustered 

connected buildings out-

weighing the relatively high 

cost for conversion. 

$836,000 

Holiday Inn Sydney 

Waterfront 
Partial 

Additional demand in the 

building considered to be too 

costly and disruptive to con-

nect. Remaining demand 

considered as straightfor-

ward to connect and close to 

the central plant.  

$582,900 

Vista Heights Partial 

Additional demand in the 

building considered to be too 

costly and disruptive to con-

nect. Remaining demand 

considered as straightfor-

ward to connect and close to 

the central plant. 

$80,000 

CBRM Civic centre Y 

Close to the central plant, 

building requires substantial 

work to renovate the existing 

HVAC system offering an ex-

cellent opportunity for the 

network. 

$1,770,000 

Cambridge Suites Y 

Relatively straightforward 

connection to district energy 

system, close to the central 

plant. Building energy plant 

$375,000 
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due for renewal in the short 

term. 

YMCA of Cape Bre-

ton 
N 

Low energy demand and rel-

atively high conversion cost 

compared to distance to the 

central network. 

$549,200 

Centre 200 N 

Low energy demand com-

pared to distance to the cen-

tral network. Heat recovery 

opportunity not considered 

suitable for connection to the 

network. 

N/A (screened out before 

conversion cost esti-

mates) 

Total $5,122,900 

 

Full Building reports are contained in Appendix 4 of this report. Please note that most of these costs 

are considered to be accurate to +/- 30%. 

 

Of these 10 existing buildings only 6 are included for connection in the final project base case, these 

are indicated above. 

 

Future developments in Sydney are also included in this assessment, these are the new College (po-

tential) and the Water Front Renewal Project. There are significant uncertainties associated with each 

of the large-scale new development connections, however initial discussions have been encouraging. 

 

The final location for the College is not yet fixed, for the purposes of this report the harbourfront 

location is assumed. A size of 236,000ft2 has been assumed based on guidance received from CBRM. 

 

No energy demand information was available at the time of writing for the college, the new har-

bourfront renewal project or the library building, benchmarks have been used as placeholders for the 

purposes of this initial concept development phase. 

 

2.1 Energy Demand Assessment 

The heating and cooling demand benchmarks are shown in Table 2-2. These are used for buildings 

which are planned for construction in the coming years.  

 

Building energy demands and conversion costs were assessed by local advisors and information pro-

vided is based on discussions with building operators and utility bills provided. 

 

Table 2-2: Heat demand and cooling demand per building type 

 Heat demand Cooling demand 

Unit MBTU/ft2 MBTU/ft2 

New building 49 33 

 

Information on the existing buildings can be found in the building reports in Appendix 4. The heat 

demand (HD) and cooling demand (CD) per building is shown in Table 2-2. 
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Table 2-3: Heat demand and cooling demand per building  

Building 
Connected Building Floor 

area (1) 

Total HD Total CD 

  ft2 MBTU/year  MBTU/year  

Cruise Pavilion Not Connected 39,300 1,562,340 1,242,393 

Sydney GOCB Not Connected 75,000 1,805,115 1,347,173 

Justice Centre Connected 69,600 3,114,590 1,787,844 

Commerce Tower Connected 42,000 2,395,838 1,489,870 

Holiday Inn Sydney 

Waterfront 

Connected 
76,000 3,939,597 653,053 

Vista Heights Connected 94,900 1,426,170 0 

CBRM Civic centre Connected 18,500 2,479,487 1,387,697 

Cambridge Suites Connected 86,000 3,782,101 3,761,912 

YMCA of Cape Breton Not Connected 55,600 2,263,401 1,127,657 

Centre 200 Not Connected  0 0 

Waterfront Develop-

ment Casino & Hotel 

Tower 

Connected 

113,000 5,537,000 3,729,000 

Waterfront Develop-

ment Residential 

Apartment Tower 

Connected 

85,600 4,194,400 2,824,800 

Waterfront Develop-

ment Marine Inter-

pretive Recreation 

Centre 

Connected 

18,000 882,000 594,000 

Waterfront Develop-

ment Regional Li-

brary 

Connected 

37,865 1,855,385 1,249,545 

Waterfront Develop-

ment Commercial Of-

fice Space 

Connected 

74,900 3,670,100 2,471,700 

New College Connected 236,000 11,564,000 7,788,000 

Total MBTU/year 50,471,523 31,454,642 

Total MWh/year 14,803 9,225 

(1) Please note that this is the total building floor area and does not represent the total heated and 

cooled floor area in all cases as some buildings are only partially connected to the system. 

 

New buildings are highlighted as shaded rows in the above table. 

 

 

2.2 Thermal demand profiles 

The DH&C demand profiles are estimated based on a temperature profile for Sydney from the Climate 

Forecast System Reanalysis 2 (CFSR 2) database, as plotted on Figure 2-2. 

 

We have estimated the DH&C demand profiles based on a temperature dependent demand of 80 % 

for both heating and cooling. The heat demand profile can be seen in Figure 2-3, the cooling demand 

profile is shown in Figure 2-4. 
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Figure 2-2: Temperature profile 

 

 

Figure 2-3: Heat demand profile 
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Figure 2-4: Cooling demand profile 
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3. TECHNICAL AND COST ASSUMPTIONS 

In this section, the assumptions and technical information on which the project has been carried out 

are outlined.  

 

3.1 District heating and cooling network temperatures 

The district heating and cooling networks are sized based on the temperatures in Table 3-1. The 

amount of heating and cooling that can be carried by the pipes is determined by the supply and return 

temperature in the networks. Because this network is intended to supply a mixture of existing and 

planned buildings the operating temperatures of the building heating and cooling systems will have a 

big impact on the network design. 

 

Should the final design temperatures of the system vary there will be a corresponding change in pipe 

diameters and subsequent costs. The efficiency and scale of the supply technology will also change. 

 

The temperatures below are based on temperature information provided in the building reports and 

experience of similar buildings where temperature reductions were achieved through changes to the 

central mechanical spaces and controls. 

 

Further assessment and design work are required to determine achievable supply and return temper-

atures per building. It is also advisable that planned future buildings are designed with the district 

energy system in mind. 

Table 3-1: District heating and cooling network temperatures 

 District heating District cooling 

 oC oF oC oF 

Tsupply 74 165 13 56 

Treturn 52 125 6 42 

ΔT 22 40 8 14 

 

 

3.2 District heating and cooling pipe cost estimates 

 

An estimate on investment cost for DH&C pipes can be found in Table 3-2. The cost estimates are 

based on our experience in North America and includes material, excavation and installation costs. 

Construction management and design, as well as any unforeseen costs, are not included in the values 

below. 

 

The network is responsible for 10% of the total capex for the project and any savings that can be made 

by reducing pipe diameters and excavation costs will help the project economics. 
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Table 3-2: District heating and cooling pipe cost estimates 

Type of dig Low 

DN Inches $/m 

DN 20  3/4 493 

DN 25 1 546 

DN 32 1 1/4 553 

DN 40 1 1/2 576 

DN 50 2 554 

DN 65 2 1/2 624 

DN 80 3 736 

DN 100 4 898 

DN 125 5 1062 

DN 150 6 1223 

DN 175 8 1304 

DN 200 10 1384 

DN 250 12 1626 

DN 300 14 2273 

DN 350 16 2675 

DN 400 18 2916 

DN500 20 3079 

DN600 24 3241 

DN700 28 3403 

DN800 32 3565 

DN900 36 3728 

DN1000 40 3890 

 

Based on a cross reference exercise carried out with information provided by CBRM for ductile iron 

water pipe installation, the local costs in Cape Breton are expected to be similar to those presented 

above. 

 

3.3 Fuel and electricity prices 

The fuel and electricity prices are shown in Table 3-4 and Table 3-5.The fuel oil price is based on local 

values, and the electricity price is from Nova Scotia Power [2]. The wood chips price is based on local 

information, it is expected that fuel prices for wood chips could be negotiated locally at potentially 

lower rates. Initial prices are based on 2018 values. 

 

Ongoing fuel costs are a key driver for the project economics and sensitivity around these costs has 

been included in Section 5.3.  

 

The district energy network would have a higher electricity consumption than individual buildings and 

will likely have a higher load factor than individual buildings, this is reflected in the rates shown in 

Table 3-4. 

 

Table 3-3: Fuel prices 

 Fuel price Fuel price (metric) 

Wood chips 85 $/ton 43 $/MWh 

Fuel oil 1.05 $/l 105 $/MWh 

Propane 0.9 $/l 127 $/MWh 
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Table 3-4: Electricity prices 

 Electricity price 

District Energy Plant 121.7$/MWh 

Customers 145.4 $/MWh 

 

3.4 Carbon Intensity of Fuels and Electricity in Nova Scotia 

Carbon intensity values are taken from Tables 4-2 and 4-3 in Standards for Quantification, Reporting, 

and Verification of Greenhouse Gas Emissions from the Government of Nova Scotia (Feb 2018) [3]. 

 

The carbon intensity of electricity is based on data from Nova Scotia Power [5]. 

Table 3-5: Carbon Intensity of Fuel 

 Carbon Intensity 

Electric Utilities [5] 0.656 kg/kWh 

Fuel oil 2.7 kg/l 

Propane 1.51 kg/l 

Wood Fuel / Wood Waste @0% moisture content 1.81 kg/kg 

LR100 (Vegetable Oil) NA 

 

The requirement in Nova Scotia is that emissions are reported as total emissions less the portion from 

biomass [6]. For this reason, the contribution from a biomass plant to the project could be considered 

essentially carbon neutral.  

 

 

3.5 Technology  

The technology specific assumptions are shown in Table 3-6. The efficiencies are stated for the heat 

pump and chiller as expected annual averages. These will vary depending on temperatures in the 

DH&C systems and the heat/cooling source.  

 

System efficiencies are extremely important as they directly impact fuel costs for the various scenarios 

and as such have a significant impact on project economics. 

 

The efficiency of the seawater chiller will likely be a little higher, as the seawater temperature is ex-

pected to be slightly lower than the air. However, the initial cost will likely be higher for a seawater-

based system due to the higher costs associated with marine works.  

 

The cost estimates are based on our experience and reference material for various technology options 

[1] and our internal cost database developed from previous projects. The investment costs shown are 

for each technology. Additional investment costs are expected, with our estimates shown in Table 3-7. 

Land purchase costs for an energy centre are not included in this estimate as it is assumed at this 

stage that an arrangement could be made to house equipment in one of the renovated buildings or 

new developments.  
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Table 3-6: Technology catalogue 

 Fuel Total efficiency  

Unit  %-h %-c %-e 

Heat pump  Electricity 300 % 200 %  

Electric chiller  
(dry cooler) 

Electricity --- 400 % 
 

Electric chiller (sea-
water) 

Electricity --- 500 % 
 

Oil boiler Oil 80 % ---  

Biomass boiler Wood chips 85 % ---  

Absorption Chiller --- --- 90%  

ORC 
Thermal energy 
from biomass 

boiler 
80%  18% 

Table 3-7: Additional investment costs 

 Investment 

Heat pump  0.8 million$/MW-h 

Electric chiller 0.33 m$/MW-c 

Electric chiller (seawater) 0.28 m$/MW-c 

Absorption Chiller 0.3m$/MW-c 

Oil boiler 0.10 m$/MW-h 

Biomass boiler 1.00 m$/MW-h 

ORC 3.6 m$/MW-e 

Energy center building 2000 $/m2 

Sewage water heat exchanger treated 0.25$/MW-h 

Sewage water heat exchanger untreated 1.25m$/MW-h 

Seawater intake 1.0 m$/MW-c 

Treated Sewage water connection 1.5$/km 

Cooling Towers 0.30 m$/MW-c 

Pumps, pipes, electric connections, etc. 0.25$/MW 

*The value for the seawater intake is taken from a previous project. The cost of marine work varies greatly from one project to 

another. 

 

Investment costs for different technologies vary considerably from project to project. Some environ-

ments such as marine works are particularly variable.  

 

3.6 Biomass 

A requirement for the use of biomass is that there is a local biomass source available. We assume in 

our study that this biomass source is available based on conversations we have had with forestry 

experts and an initial desktop study. A detailed assessment of the forestry supply chain and suppliers 

has not been undertaken at this time. It is recommended that if biomass is taken forward to the next 
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stage of development, there should be a detailed study undertaken to assess biomass supply chain 

and overall sustainability of available biomass in Cape Breton. 

 

There is an existing biomass supply chain in Cape Breton to support the Point Tupper Power Plant. The 

power plant has attracted a significant amount of negative commentary in local media and is a point 

of controversy in Cape Breton. This may impact the perception of a biomass-based district energy 

system in Sydney. Outreach to local community groups would be needed during the development of 

such a project to establish the support or lack thereof for such a facility in downtown Sydney. 

 

It has come to the attention of the project team that CBRM may have a potential biomass waste stream 

that could be utilized as a fuel source. The assumptions made in this report are that primary fuel for 

the biomass boiler would be locally sourced wood chips and the moisture content of the fuel would be 

approximately 55%. The project as described here would require 7100 tons biomass per annum. 

 

3.7 Sewage water 

The sewage water outlet can be used as a heat source for a heat pump. In Appendix 2 we outline the 

analysis of the available sewage heat in closer detail. Based on available data we estimate that the 

heat capacity is around 9 MW. This is more than enough to cover the full heat demand for the system 

with a heat pump and to allow for potential future expansion. 

 

This report assesses both a scenario whereby treated water is distributed to the energy centre from 

the wastewater treatment plant. Heat recovery from raw sewage is also assessed. Heat rejection to 

the sewer can also be accommodated under this scenario. 

 

A temperature and flow study of the sewer system is recommended to confirm assumptions should 

this option be considered in further detail. 

 

3.8 Seawater 

 

Available temperature information for Sydney Harbour was not sufficiently detailed to allow a full as-

sessment to be undertaken and the results in this report are based on Ramboll’s experience from other 

projects. It is expected that there is more than enough capacity for the project’s requirements. 

 

In our simulations, we assume that the capacity of the electric chiller limits how much cooling can be 

produced. In Appendix 1, a more detailed analysis of technical challenges surrounding seawater cooling 

is presented. 
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4. TECHNICAL ANALYSIS 

This section outlines the DH&C network dimensions, and for each scenario; scaled production units, 

estimated investment costs and production distributions. In addition, outputs from our hourly simula-

tion model is included. 

  

The scenarios are structured based on the technologies introduced in the technology catalogue. Fuel 

Oil boilers are included in all scenarios as back-up/peak heat production, as well as thermal storage 

for both heating and cooling. 

 

The scenarios assessed are the following: 

 

• Scenario 1: Biomass boiler + electric chiller with dry coolers 

• Scenario 2: Biomass boiler + electric chiller with seawater 

• Scenario 3: Combined heating and cooling/sewer heat pump + electric chiller with dry coolers 

o (a) Based on treated wastewater 

o (b) based on heat recovered from raw sewage 

• Scenario 4: Combined heating and cooling/sewer heat pump + electric chiller with seawater 

o (a) Based on treated wastewater 

o (b) based on heat recovered from raw sewage 

• Scenario 5: An organic rankine cycle option based on a biomass supply 

o (a) electric chillers only 

o (b) Absorption chiller and electric chiller 

 

4.1 District heating and cooling networks 

The DH&C networks are the same for all scenarios considered. These are shown shown in Figure 4 1 
and Figure 4 2. 

Pipe sizes were calculated based on the peak energy demand estimated for each building and the 

assumed temperatures outlined in we have undertaken hydraulic analysis. The results from this anal-

ysis are shown in Table 3-1, together with estimated total investment costs in pipes assuming it is a 

hard dig (tarmac, sidewalks).  

Table 4-1: District heating and cooling networks 

Type of dig DH network DC network 

DN Inches m m 

DN 50 2 12 --- 

DN 65 2 1/2 23.1 --- 

DN 80 3 203.6 21 

DN 100 4 99 28.1 

DN 125 5 172 43 

DN 150 6 197 253 

DN 175 8 242 150.2 

DN 200 10 --- 197 

DN 250 12 --- 50 

DN 300 14 --- 192 

DN 350 16 --- --- 

DN 400 18 --- --- 

Total (m) 934 934 

Total (million$) 1.0 1.40 
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Table 4-2: District heating network  
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Table 4-3: District cooling network 

4.2 Energy system simulation 

For each scenario we have performed an energy system simulation on an hourly level to find the annual 

production distribution. Electricity prices in this simulation are assumed fixed, as such the production 

costs of heat pumps are also fixed. A variable electricity price will result in a more flexible operating 

profile for renewable energy systems in relation to any renewable energy production and make use of 

the thermal storages even more profitable.  

 

The temperature of the heat source and district heating network influences the efficiency (COP) of a 

heat pump. Thus, the marginal cost of a heat pump will change according to the temperature of the 

heat source. Although, this again will not have any influence on the results, as only one base unit is 

considered for heating and cooling production in each scenario respectively.  
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Table 4-4: District heating and cooling production capacity per scenario  

 
Unit Scenario 

1 

Scenario 

2 

Scenario 

3 a&b 

Scenario 

4a&b 

Scenario 

5a 

Scenario 

5b 

Biomass boiler MW-h 3 3 0 0 4 4 

Organic Rankine 

Cycle 

MW-h 
0 

0 0 
0 3 3 

Oil boiler MW-h 5 5 5 5 5 5 

Heat pump 
MW-h / 

MW-c 
0/0 0/0 3/2 3/2 0 0 

Electric chiller 

(dry coolers) 
MW-c 7 0 5 0 7 4.3 

Electric chiller 

(seawater) 
MW-c 0 7 0 5 0 0 

Absorption 

Chiller 
MW-c 0 0 0 0 0 2.7 

 

In Table 4-4 the heat production capacities for each unit in each scenario are shown. We have previ-

ously seen that enough energy is available in the sewage water for a heat pump. In fact, the sewage 

heat pump capacity is well below the estimated heat capacity in the sewage water allowing for potential 

future expansion of the system in the future. Similarly, there is more than enough cooling source 

capacity in the seawater and air.  

 

The results from the simulations are shown in Table 4-5 as annual production distributions. For the 

first two scenarios, the production of heating and cooling is not combined. We have selected the ca-

pacities of the biomass boiler and heat pump, so these units can supply the entire heat demand as a 

combined full back up and peaking arrangement. Similarly, the chillers can supply the entire cooling 

demand, irrespective of whether the cooling source is air or seawater. In the last two scenarios, we 

combine the heating and cooling production, by a heat pump that produces combined heating and 

cooling. When the heat pump is not producing cooling, we assume that the sewage can be used as a 

heat source. Still, much of the heat is produced with sewage heat, and cooling is mainly supplied 

from the chillers.  
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Table 4-5: District heating and cooling production per scenario 

Plant En-
ergy Pro-

duction 
(metric) 

Unit 
Sce-

nario 1 

Sce-

nario 2 

Sce-
nario 
3a 

Sce-
nario 
3b 

Sce-
nario 
4a 

Sce-
nario 
4b 

Sce-
nario 
5a (1) 

Sce-
nario 
5b(1) 

Biomass 
Boiler 

MWh-
h  

11,179 11,179 0 0 0 0 15,281 21,570 

Oil boiler 
MWh-

h 
3649 3649 1972 1972 1972 1972 1690 1690 

ORC 
MWh-

h 
0 0 0 0 0 0 11,461 16,178 

Heat 
pump 
(com-

bined 
heating 

and cool-
ing) 

MWh-
h/ 

0 0 2,992 2,992 2,992 2,992 0 0 

MWh-
c 

0 0 1,995 1,995 1,995 1,995 0 0 

Heat 
pump 
(sewage) 

MWh-
h 

0 0 8,187 8,187 8,187 8,187 0 0 

Electric 
chiller 

(dry 
coolers) 

MWh-

c 
8,135 0 6,140 6,140 0 0 8,135 3,890 

Absorp-
tion 

Chillers 

MWh-
c 

0 0 0 0 0 0 0 4245 

Electric 
chiller 
(sea-
water) 

MWh-
c 

0 8,135 0 0 6,140 6,140 0 0 

 

(1) Note that the biomass output is used as the ORC input to produce heat and electricity 

Table 4-6: Plant Energy Consumption 

En-
ergy 

Con-
sumed  

  
Sce-

nario 1 

Sce-

nario 2 

Sce-
nario 
3a 

Sce-

nario 3b 

Sce-
nario 
4a 

Sce-
nario 
4b 

Sce-
nario 
5a 

Sce-
nario 
5b (1) 

Elec-
tricity 

MWh 1,799 1,799 5,349 5,349 5,349 5,349 1,049 -176 

Natu-

ral 
Gas 

m3 0 0 0 0 0 0 0 0 

Fuel 
Oil 

l 463,908 463,908 250,735 250,735 250,735 250,735 214,885 214,885 

LR100 l 
                       
-    

                   
-    

                        
-    

                         
-    

                
-    

               
-    

                  
-    

                           
-    

Pro-
pane  

l 0 0 0 0 0 0 0 0 

Wood 

Chips 
tonnes 7,117 7,117 0 0 0 0 10,702 16,784 

 

(1) Scenario 5a and 5b both include for electricity production, as such their electricity consumed 

values are lower than total electricity consumed and where negative this indicates a positive 

balance of generation versus consumption. 
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4.3 Investment cost estimates 

For each scenario we have estimated the investment costs per technology in Table 3-7. The investment 

cost assessment is considered appropriate at this stage for subsequent economic analysis to assess 

initial feasibility and to select between scenarios.  

 

 

  Total investment 

Unit 
Scenario 

1 

Sce-
nario 

2 

Sce-
nario 

3a 

Sce-
nario 

3b 

Sce-
nario 

4a 

Sce-
nario 

4b 

Sce-
nario 

5a 

Sce-
nario 

5b 

Building Alterations $4.08 $4.08 $4.08 $4.08 $4.08 $4.08 $4.08 $4.08 

Building Connections $1.21 $1.21 $1.21 $1.21 $1.21 $1.21 $1.21 $1.21 

Heat pump  0.00 0.00 2.40 2.40 2.40 2.40 0.00 0.00 
Electric chiller (dry 

cooler) 
2.31 0.00 1.65 1.65 0.00 0.00 2.31 1.42 

Electric chiller (sea-
water) 

0.00 1.96 0.00 0.00 1.40 1.40 0.00 0.00 

Absorption Chiller 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.84 

Oil boiler 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
Biomass boiler 3.00 3.00 0.00 0.00 0.00 0.00 4.17 4.17 
ORC 0.00 0.00 0.00 0.00 0.00 0.00 2.70 2.70 
Energy center build-
ing 

1.2 1.2 0.8 0.8 0.8 0.8 1.5 1.5 

Sewage water heat 
exchanger 

0.00 0.00 0.75 0.00 0.75 0.00 0.00 0.00 

Sewage water heat 
exchanger untreated 

0 0 0 3.75 0 3.75 0 0 

Seawater intake 0 7 0 0 5 5 0 0 
Treated Sewage wa-
ter connection 

0 0 1.5 0 1.5 0 0 0 

Dry coolers 2.1 0 1.5 1.5 0 0 2.1 1.29 
Pumps, pipes, elec-
tric connections, etc. 

2.59 2.59 2.59 2.59 2.59 2.59 2.59 2.59 

DH network 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
DC network 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38 
Heat storage 0 0 0 0 0 0 0 0 
Cold storage 0 0 0 0 0 0 0 0 

Subtotal 19.4 23.9 19.4 20.9 22.6 24.1 23.5 22.7 

Engineering/De-
sign/Permitting 10% 

1.9 2.4 1.9 2.1 2.3 2.4 2.4 2.3 

Contractor overhead 
and profit 15% 

2.9 3.6 2.9 3.1 3.4 3.6 3.5 3.4 

Contingency 15% 2.9 3.6 2.9 3.1 3.4 3.6 3.5 3.4 

Total 27.1 33.5 27.1 29.2 31.7 33.8 33.0 31.8 
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4.4 Estimated Carbon Impact of Scenarios 

For each scenario we have estimated the carbon impact as shown in Table 4-7. These are based on the car-

bon intensity values set out in Table 3-5. Biomass is considered the lowest carbon fuel, based on the calcu-

lation methodologies set out in [3]. As has been noted above more thorough analysis of the biomass market 

in Cape Breton would be required prior to this project commencing. 

Table 4-7: GHG Emissions 

 

Energy 
Consumed  

Units 
Scenario 

1 
Sce-

nario 2 
Scenario 

3a 
Scenario 

3b 

Sce-
nario 
4a 

Sce-
nario 
4b 

Sce-
nario 
5a 

Sce-
nario 
5b 

Electricity tonnes 1468 1468 3797 3797 3797 3797 976 146 

Natural 
Gas 

tonnes 0 0 0 0 0 0 0 0 

Fuel Oil Tonnes 1277 1277 690 690 690 690 592 427 

LR100 Tonnes 
                       
-    

                   
-    

                        
-    

                         
-    

                
-    

               
-    

                  
-    

                           
-    

Propane  Tonnes 0 0 0 0 0 0 0 0 

Wood 
Chips 

tonnes 0 0 0 0 0 0 0 0 

Total   2745 2745 4487 4487 4487 4487 1567 572 

 

4.5 Operation and Maintenance Costs 

 

Annual fuel costs are shown in Table 4-8 below based on estimated annual fuel and electricity consumption 

and costs outlined in Table 3-3 and Table 3-4. 

Table 4-8: Annual Fuel Costs 

Energy 
Cost 

Units Scenario 1 Scenario 2 
Scenario 

3a&b 
Scenario 

4a&b 
Scenario 5a Scenario 5b 

Electricity $ 272,262 272,262 704,338 704,338 180,987 27,082 

Natural 

Gas $ 0 0 0 0 0 0 

Fuel Oil $ 487,103 487,103 263,272 263,272 225,629 162,670 

LR100 $ 
                       
-    

                       
-    

                        
-    

                
-    

                  
-    

                           
-    

Propane  $ 0 0 0 0 0 0 

Wood 
Chips $ 604,945 604,945 0 0 826,940 1,296,955 

Total $ 1,364,310 1,364,310 967,610 967,610 1,233,556 1,486,707 

 

Where electricity costs are negative this represents the balance of electricity consumed and produced per 

scenario. 

 

Marginal operation and maintenance costs are outlined below for plant based on annual operating hours. 

Nominal costs have been included for the oil boiler plant. 
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Table 4-9: Marginal Operation and Maintenance Costs per Annum 

 

 Technology Value  Units 
Scenario 

1 

Scenario 

2 

Scenario 

3a 

Scenario 

3b 

Scenario 

4a 

Scenario 

4b 

Scenario 

5a 

Scenario 

5b 

Biomass boiler 10 $/MWh-h 111,790 111,790 0 0 0 0 152,813 215,702 

Oil boiler 2 $/MWh-h 7,298 7,298 3,945 3,945 3,945 3,945 3,381 2,437 

ORC 3 $/MWh 0 0 0 0 0 0 34,383 48,533 

Heat pump 

(combined 

heating and 

cooling) 5 $/MWh-c 

0 0 14,960 14,960 14,960 14,960 14,960 14,960 

Heat pump 

(sewage) 5 $/MWh-h 
0 0 40,935 40935 40935 40,935 0 0 

Electric chiller 

(dry coolers) 5 $/MWh-c 
40,676 0 30,701 30,701 0 0 40,676 19,451 

Electric chiller 

(seawater) 5 $/MWh-c 
0 40,676 0 0 30,701 

30700.5
4 

0 0 

Absorption 

Chiller 5 $/MWh-c 
0 0 0 0 0 0 0 21,225 

Heating 

Network 0.75% 
of capital 
investment 

7,492 7,492 7,492 7,492 7,492 7,492 7,492 7,492 

Cooling Network 
0.75% 

of capital 
investment 

10,365 10,365 10365 10,365 10,365 10,365 10,365 10,365 

Total ($/year)     177,621 177,621 108,398 108,398 108,398 108,398 264,070 340,165 
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5. ECONOMIC ASSESSMENT 

All estimates of internal rate of return are preliminary, based on information available at this time, and sub-

ject to significant variation as the design progresses. 

 

5.1 Assumptions 

 

The economic assessment undertaken as part of this project is based on the following assumptions: 

 

• EBIDTA (Earnings before interest, depreciation, taxation and amortisation). 

• Capital costs presented here are considered to be accurate to +/- 30% based on available infor-

mation and level of technical assessment 

• Inflation is included at 2% per annum 

• Energy price escalations are included as follows: 

o Electricity: 4% per annum 

o Fuel Oil: 2% per annum 

o Wood Chips: 1% per annum 

o Inflation is assumed included in energy price escalation 

• NPV values presented here are considered real, pre-tax values. 

• Unmanned district heating plant with local contractors responsible for maintenance 

• The impact of the cap and trade system in Nova Scotia is reflected in the fuel prices for the plants 

based on published energy price impacts to 2022. These increases are maintained year on year be-

yond 2022 in the absence of more accurate information. 

• The base case for all scenarios is the provision of both heating and cooling. 

• The project lifetime is assumed to be 30 years. 

• Grid decarbonisation is not included in the base case, the impact is presented as a sensitivity. 

• Customer business as usual fuel costs and carbon tax impacts are assumed to remain constant, cus-

tomer savings of 20% are applied to annual fixed and standing charges based on an assessment of 

customer savings. 

• Reinvestment costs for the district energy system are assumed to be zero over the project 30-year 

lifetime. Ongoing operation and maintenance costs are included. 

• Staffing costs are assumed to be $200,000 per annum. 

 

5.2 Business as Usual 

 

Each building has been assessed to determine the avoided fuel, operation and maintenance and capital 

costs for each customer. 

 

As limited information is available for the harbour development and the New College, assumptions have 

been made regarding their alternative heating and cooling systems. 

 

For new buildings central boilers based on fuel oil are assumed to provide the majority of heating and do-

mestic hot water, rooftop chiller units are assumed as the central cooling plant. 

 

• Plant efficiency of 80% for fuel oil boilers  

• COP of 2.8 for chiller plant. 

• A reinvestment cycle of 20 years 

• Energy price escalations and carbon tax are included as per the district heating scenarios. 
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Table 5-1: Avoided Cost Assessment 

Building  
Fuel 
Costs 

Heating 

Fuel 
Costs 

Cooling 

O&M 
Costs 

Heating 

O&M 
Costs 

Cooling 

Capital 
Cost 

Heating  

Capital 
Cost 

Cooling 

  

Capital 
Cost 

AHUs  

 Total 
Capital 

 Comments 

  $/annum 
$/an-
num 

$/an-
num 

$/an-
num 

$ $ $ $ Basis 

Sydney Justice 

Centre 

 
31,202  

                
27,226  

      
18,688  

                          
20,174  

                 
69,600  

               
167,700  

                   
303,542  

                   
540,842  

130ton chiller, baseboard heating, 3 No. 
AHUs (costed based on cfm) 

Commerce Tower 
             

28,802  
                

22,688  
      

14,375  
                          

19,728  
                 

42,000  
  

                   
199,600  

                   
241,600  

baseboard heating, 3 No. AHUs (costed based 
on cfm) 

Holiday Inn 
           

166,761  
                  

9,945  
      

23,638  
                          

18,477  
               

112,320  
                 

90,675  
                     

59,880  
                   

262,875  

PTAC and electric heat backup costs not in-
cluded, replace 4x800MBH boilers, 

1x155cooling tower and 12000cfm HRV unit 

Vista Heights 
             

50,752  
                         
-    

         
8,557  

                          
17,500  

                 
17,550  

                           
-    

  
                     

17,550  

Electric Baseboard heating replacement costs 
not included/replacement of easily accessible 

load only 

CBRM Civic Centre 
             

29,808  
                

21,132  
      

14,877  
                          

19,575  
                 

18,500  
               

167,700  
                   

305,762  
                   

491,962  

Replace 130 ton of chiller capacity and elec-
tric baseboard heating, replacement costs for 

AHUs included, cost for electric perimeter 
heating unclear 

Cambridge Suites 
           

134,590  
                

57,288  
      

22,693  
                          

23,126  
               

257,072  
               

245,100  
                   

117,265  
                   

619,437  
Replacement of boiler and chiller costs & AHU 

replacement costs included 

Casino & Hotel 
Tower  

           
197,040  

                
56,793  

      
37,433  

                          
44,749  

               
300,131  

               
637,611  

                               
-    

                   
937,742  

Based on peak loads in an n+1 configuration 

Residential Apart-
ment Tower  

           
149,262  

                
43,022  

      
32,600  

                          
38,141  

               
227,356  

               
483,004  

                               
-    

                   
710,360  

Based on peak loads in an n+1 configuration 

Marine Interpretive 
Recreation Centre  

             
31,387  

                  
9,047  

      
20,675  

                          
21,840  

                 
47,809  

               
101,566  

                               
-    

                   
149,375  

Based on peak loads in an n+1 configuration 

Regional Library  
             

66,026  
                

19,031  
      

24,179  
                          

26,631  
               

100,571  
               

213,656  
                               
-    

                   
314,227  

Based on peak loads in an n+1 configuration 

Commercial Office 
Space  

130,604  37,644  30,712  35,561  198,937  422,629  -    621,565  Based on peak loads in an n+1 configuration 

New College 411,517  118,612  59,130  74,409  626,823  
1,331,64

8  
-    1,958,470  Based on peak loads in an n+1 configuration 
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The CBRM building is due to undergo upgrades to the existing HVAC system in the near future due to the 

existing systems reaching the end of their useful life. The report produced for CBRM estimates that the HVAC 

upgrades would cost $510,000 for an all electric replacement ranging up to $2,300,000 for water source heat 

pumps with fan coil units. However, it is noted in the report that the cheaper option will result in no improve-

ments to thermal comfort and system efficiency in the building. A mid-range option of installing boilers and 

chillers in the building which could improve thermal comfort and system efficiency was estimated to cost 

$1,100,000. 

 

The estimated cost for conversion of the CBRM building to connect to the district energy system are 

$1,770,000. 

 

The ongoing fuel costs for the CBRM building under the cheapest conversion option are $53,900, under the 

district energy scenario this would be reduced to approximately $51,000.  

 

 

5.3 Summary of Results  

 

In all cases outlined below building conversion costs are assumed to be paid for by external grant funding 

as the burden of covering these costs greatly reduces economic benefits of the project. The discount rate 

utilized to assess the project NPV was 9%1.  

Table 5-2: Summary of Results 

Project 
Outcomes 

Units 
Scenario 

1 
Scenario 

2 
Sce-

nario 3a 
Sce-

nario 3b 
Sce-

nario 4a 
Sce-

nario 4b 
Sce-

nario 5a 
Scenario 

5b 

IRR2 % 7.0% 4.5% 9.0% 8.5% 6.9% 6.5% 5.9% 3.5% 

NPV 000 $ -$4,081 -$12,029 $42 -$1,093 -$5,634 -$6,770 -$7,858 -$12,399 

Emissions 
reductions t/annum 

3,296 3,296 1,553 1,553 1,553 1,553 4,473 5,486 

 

Economically the scenario which has the highest value is Scenario 3a based on sewer heat recovery from 

the treated water at the Battery Point Wastewater Treatment Plant. 

 

 This project achieves an unlevered IRR of 9%, which is generally consistent with rate regulated utility re-

turns; however, given the nature and risk profile of a new development project without guaranteed revenue 

base, significantly greater returns would be required to make this project feasible. 

A 1km connection from Battery Point to the district energy plant located at the waterfront development is 

included in the economic analysis. 

 

For Scenario 3a the energy centre footprint would be approximately 400m2 at the indicative library location. 

Additional space would be required at the wastewater treatment plant for heat exchangers and pumping 

equipment. 

 

The equipment to be housed in the energy centre includes: 

 

• 1400-ton chillers (3 chillers total) 

• 10,240MBH [3MWth]heat recovery chiller 

• 17,060 MBH fuel oil boilers (3 boilers total) 

• Network distribution pumps 

• Pressurisation unit 

                                                
1 This rate was selected based on an IRR which would be considered consistent with the target for a rate 
regulated utility. 
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• Water Treatment equipment 

• Buffer tank 

• Dirt and Air Separator 

• Network heat exchangers. 

 

It is assumed that there is available space for a heat exchanger installation at Battery Point. 

 

The following loads are excluded from Connection: 

 

• Joan Harris Cruise Pavilion - low load and distance from the central plant 

• Sydney GOCB – low load and distance from the central plant 

• YMCA – low load and distance from the network 

• Centre 200 – lack of load  

 

The new College has been included in this analysis based on the very high-level information available. 

 

Based on the above assumptions Scenario 3a achieves lifetime CO2 emissions reductions of 46,604 tonnes, 

or 1,553 tonnes per annum. When grid decarbonisation is included, the project economics remain stable, 

total lifetime CO2 emissions further reduce to 69,995 tonnes over 30 years and 1,629 tonnes per annum. 

 

The following factors have the largest impact on project IRR: 

 

(1) Energy price escalation: A reduction in electricity price escalation from 4% to 2% reduces the pro-

ject IRR to 8.5%. 

(2) Increasing initial capital costs by 20% will reduce the project IRR to 8%. 

(3) Inclusion of building conversion costs will reduce the IRR to 7.4%. 

(4) Network costs have a minimal impact on the overall economic assessment. 

(5) A cooling only project would have a reduced IRR of 9.5% but with a greatly reduced capital outlay 

of $12.3 million compared to $21.4million for a combined system. 

 

Scenario 1, a biomass boiler option is the second best performing independent option for the energy net-

work with an IRR of 7%. In order to achieve the same IRR as Scenario 3a (sewer heat recovery), a biomass 

cost of $38/ton biomass would be required. 

 

If the biomass option is selected for further investigation a plant footprint of 600m2 could be expected. 

 

The analysis outlined above is based on the project being built out in a single year in order to assess the 

best-case scenario for the project. Once the preferred scenario was identified an additional assessment was 

carried out based on a phased build out of the project. 

 

5.4 Scenario 3a Economic Assessment Based on Phased Build Out 

 

To assess a realistic timeframe for the preferred scenario the following assumptions were made: 
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Table 5-3: Connection Year for Scenario 3a Buildings 

Building  Year Connected  

     

Justice Centre  2,022 Phase 2 

Commerce Tower  2,022 Phase 2 

Holiday Inn Sydney Waterfront  2,023 Phase 3 

Vista Heights  2,023 Phase 3 

CBRM Civic centre  2,023 Phase 3 

Cambridge Suites  2,023 Phase 3 

Casino & Hotel Tower  2,027 Phase 6 

Residential Apartment Tower  2,021 Phase 1 

Marine Interpretive Recreation Centre  2,025 Phase 5 

Regional Library  2,021 Phase 1 

Commercial Office Space  2,023 Phase 3 

New College 2,024 Phase 4 

 

Capital Costs were incurred on a staggered basis with investment for major plant and equipment accounted 

for in the year previous to commissioning. 

 

Capital costs which are phased over time include for inflation. The initial investment in the plant is for oil 

boilers and chillers sized for Phase 1. 

 

This initial plant is assumed to be installed in the new Regional library. The initial space required would be 

150 – 200 m2 to accommodate the boilers, chillers, pumping equipment.  

By sizing the initial plant for connections in the first two years this allows the first phase of the network to 
be developed without the large capital outlay required for the primary plant (sewer heat recovery and infra-
structure). This reduces the risk profile of the initial capital investment and allows time for critical conver-
sion work to be completed.
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Table 5-4: Phased Capital Cost 

Scenario 3a Unit 2020 2021 2022 2023 2024 2025 2026 

Building Alterations $ $0 $0 $0 $0 $0 $0 $0 

Building Connections $ $206,984 $192,888 $462,308 $146,300 $77,480 $0 $121,968 

Heat pump  $ 0 0 $2,400,000 $0 $0 $0 $0 

Electric chiller (dry cooler) $ $694,347 0 0 $414,882 
  

$991,085 

Oil boiler $ $176,853 
  

$122,861 
  

$122,030 

Energy center building $ 
  

$800,000 
    

Sewage water heat exchanger $ 0 
 

$1,050,000 
    

Treated Sewage water connection $ 0 
 

$1,500,000 
    

Dry coolers $ $631,224 
  

$377,166 
  

$900,986 

Pumps, pipes, electric connections, etc. $ $968,153 
  

$621,457 
  

$1,055,896 

DH network $ $40,738 $111,762 $740,430 $214,524 $6,582 $0 $11,674 

DC network $ $47,952 $138,255 $868,486 $263,408 $7,413 $0 $15,899 

Subtotal 
 

$2,766,251 $451,763 $7,526,003 $2,292,844 $321,022 $0 $4,056,328 

Engineering/Design/Permitting 10% $276,625 $45,176 $752,600 $229,284 $32,102 $0 $405,632 

Contractor overhead and profit 13% $345,781 $56,470 $940,750 $286,605 $40,127 $0 $507,040 

Contingency 15% $414,937 $67,764 $1,128,900 $343,926 $48,153 $0 $608,449 

Total Capital Cost 
 

$3,803,595 $621,174 $10,348,254 $3,152,661 $441,405 $0 $5,577,450 
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Figure 5-1: Phased Connections 

 

Figure 5-2: Phased Investment 
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The impact on the project outcomes would be as follows: 

 

Table 5-5: Impact on Project Results 

Metric 
Scenario 

3a 
Scenario 3a 

(Phased) 

Pre-Tax IRR, % 9.0% 7.3% 

NPV $ $42,000 -$2,660,000 

Emissions Reductions, tCO2e/year 1,553 1,324 (average) 

Emissions Reduction, % 26% 24% 

 

As can be seen phasing the implementation of the project reduces the IRR to 7.3% and reduces the 

average annual carbon emissions savings. 
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6. CONCLUSIONS 

Based on the initial economic assessment there appears to be an opportunity for district energy in 

Sydney if incentive funding for reducing GHG emissions and energy use can be secured to support 

the project. There are a number of sensitivities and optimisations that could further improve the eco-

nomic outlook for Sydney. 

 

The following assumptions need to be true in order to achieve the project outcomes for Scenario 3a. 

 

Buildings outlined in  

 

• Table 2-3 connect to the district system as noted. 

• Energy Centre integrated with a new building. 

• Funding secured for building conversion costs. 

Heating and cooling demand as per  

 

• Table 2-3. 

• Assumptions regarding avoided costs for customers as outlined in Table 5-1 agreed with cus-

tomers. 

• 15% savings on fixed costs to customers 

• WWTP Temperatures and Flows as per assumptions outlined in Appendix 2. 

• 4% electricity escalation rate 

• Project development costs at 38% 

 

For the project to be viable, it is likely that funding in the range of approximately $4 million to $5.4 

million would be required in addition to the $4.1million needed for building conversion costs. 

 

Sewer heat recovery is an attractive option for this project and makes sense in the context of this 

project. A sewer heat recovery project utilising waste heat from the local wastewater treatment plant 

could be incorporated into the planned developments in Sydney in a more straightforward fashion 

than a biomass boiler plant where plant location, permissions and acceptance in the downtown loca-

tion may prove more difficult in this case. 

 

For Scenario 3a the energy centre footprint would be approximately 400m2 at the indicative library 

location. Additional space would be required at the wastewater treatment plant for heat exchangers 

and pumping equipment. 

 

The equipment to be housed in the energy centre includes: 

 

• 1400-ton chillers (3 chillers total) 

• 10,240MBH [3MWth]heat recovery chiller 

• 17,060 MBH fuel oil boilers (3 boilers total) 

• Network distribution pumps 

• Pressurisation unit 

• Water Treatment equipment 

• Buffer tank 

• Dirt and Air Separator 

• Network heat exchangers. 
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If the biomass option is selected for further investigation a plant footprint of 600m2 could be ex-

pected. 

 

Next steps for the project would be for locally based project champions to work to de-risk the project 

commercially and technically.  

 

The commercial steps should be addressed first. 

 

Commercial 

• Sign up buildings to a letter of intent, this would be a non-binding agreement which would 

demonstrate to potential network developers that there is appetite for the project and a will-

ingness to participate on behalf of the building owners. 

• Agree on value proposition with building owners – this process will begin with approaching 

building owners and developers to continue previous discussions. 

• Agree on development schedule for new building developments  

• Building owners should be presented with the assumed avoided costs outlined in Table 5-1 to 

begin discussions. This portion of the work may take some time as it will be important to 

work with building owners to uncover the true cost of owning, operating and maintaining 

their HVAC systems in order to build an attractive business case per building. 

• Secure grants and/or incentive funding from such sources as the Green Municipal Fund, 

Green Infrastructure Fund, the Nova Scotia Green Fund, Atlantic Canada Opportunities 

Agency, or others. 

 

Technical due diligence should be undertaken once there is more certainty regarding the commercial 

proposition. 

 

Technical 

• Confirm energy centre location with CBRM stakeholders and local developers; this has been 

assumed as the regional library but would be subject to the timeline for developments and 

the appetite of building owners to incorporate a district energy centre with their building. 

• Conduct a detailed engineering study on integrating heat exchangers at Battery Point 

Wastewater Treatment Plant to confirm the technical feasibility (including space availability) 

and indicative costs of the proposals.  

• Monitor flow and temperature of treated water to confirm calculated capacities 

• Meter building heating and cooling use to confirm demand projections and operating temper-

atures 

• Schematic Design of overall project 

• Reassessment of costs based on schematic and detailed design 

• Confirmation of project economic viability 

 

The level of detail for the cost breakdown for each scenario is high level, these are based on availa-

ble information and costs will change as the design progresses. We believe that the values used in 

this report are appropriate for the stage of analysis of the project. 
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Appendix 1 – Seawater cooling 

Using seawater as a cooling source is a possibility, when the energy center is located in Sydney Har-

bour. The upside is less noise, when compared to dry coolers, where air is used as the cooling source. 

We went through the Review of the physical oceanography of Sydney Harbour [4] but found that the 

data on temperature profiles in the seawater were not detailed or specific enough to draw specific 

conclusions. If this option is selected for bringing forward to more detailed assessment measurements 

and monitoring will be required in the harbour to establish design conditions. 

 

Of practical problems related to the utilization of seawater in a pumping system, we can mention; 

microbiological growth in pipes – including algal growth, mussel growth (some can be the size of a fist) 

and barnacles’ growth. The following is a list of solutions that can be considered individually or in 

combination.  

 

• Differential pressure measurement can be established and monitored in the SCADA system, 

so actions can be taken before the filter is clogged. 

• Redundancy on filters, so the capacity is not reduced during filter cleaning. 

• There are filter systems available that automatically back washes, when the differential pres-

sure becomes too high. This in turn reduces the need for service on the filters. 

• Dive pumps can be fitted with cutter wheels at the water inlets. 

• Plastic pipes with low roughness can be used at the water inlets to minimize mussel growth 

(bio-growth in general). 

• High flow rates in the pipes can be used to minimize mussel growth in the pipes. 

• A back-wash solution could be established to protect against mussel growth in pipes and 

exchangers. A possibility could be a Bernoulli filter. 

• A CIP (cleaning in place) solution could minimize possible problems with deposits. This is 

applicable to pipes and exchangers in direct contact with these. 

 

Figure A-1: Coarse filter in seawater basin 

 

A simple seawater intake filtering system is sketched on Figure A-1. The filtering process ensures that 

fish, mussels, etc. can not pass into the seawater exchanger. Also, a constant monitoring of the ex-

changer is ensured using the CIP plant. However, a plant specifically designed for Sydney Harbour is 

of course necessary. One more thing that we must take into consideration is the risk of ice formation. 

This influences where the water intake can be located in terms of depth. 
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Appendix 2 – Sewage water heating 

Sewage heat is a useful heat source for a heat pump, with data shown in Table 5-1. A comprehensive 

study of available sewage water collection points in and around Sydney Harbour can be found in the 

attached Power Point presentation.  

 

It will be an advantage to have the sewage water heat recovery infrastructure located in segment 3 or 

4 close to the energy center. Because the temperature of the sewage water is varying over the year, 

the heat capacity will also vary. The same will likely be true for a district heating system, where the 

inlet temperature can be reduced during the summer period. Thus, the COP of the heat pump will be 

higher during the summer than winter period.  

 

We are assuming for Scenario 3a that we can use treated sewage water from the outlet of the sewage 

water treatment plant, as visualized on Figure 5-2, it may still contain micro organisms that can block 

a heat exchanger. Therefore, a filtering plant is necessary, just like that presented for the seawater 

intake. On Figure 5-2 it is also shown how a heat pump can use both the district cooling system and 

sewage water as heat source. 

 

For Scenario 3b it is assumed that heat will be extracted from raw sewage in the town centre using a 

packaged energy recovery solution. 

Table A-1: Sewage heat source 

 Value 

Flow 22.56 m3/min 

Temperature (winter and summer) 10-20 oC 

 

The amount of heat that can be extracted from the sewage can be calculated based on the flow and a 

temperature drop. We assume that the temperature of the heat source is always reduced to 4 oC. The 

reason being, that by reducing the temperature any lower, there will be a risk of ice formation. This 

may destroy the shell/tube heat exchanger, which is the usual type of heat exchanger in an evaporator. 

Alternatively, another heat exchanger can be selected.  

    

1000
𝑘𝑔

𝑚3
⋅ 4.18

𝑘𝐽

𝑘𝑔 ⋅ 𝐾
⋅ (

22.56
𝑚3

𝑚𝑖𝑛
60

⁄ ) ⋅ (10 − 4) 𝐾 ⋅ 10−3 ≈ 9.4 𝑀𝑊 

We then use an average heat pump COP of 3 to calculate the heat capacity. 

 

9.4 𝑀𝑊

3 − 1
⋅ 3 ≈ 14 𝑀𝑊 
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Figure A-2: Sewage water and district cooling concept
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Appendix 3 – Building Reports 
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