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A3.3 DISTRICT HEATING 

A3.3.1 Design Inputs to the District Heating Study are provided by Castle European Limited. Work is ongoing on this 

scope, the result of which (construction of the district heating network) does not form part of this planning 

application and this appendix is provided for information.   

A3.3.2 Over 45% of total energy demand in European countries is used for space heating, domestic hot water or cooling. 

This demand is primarily met by fossil fuels (gaseous, solid and liquid), biomass, biogas and solar as well as 

electricity. 

A3.3.3 Efficiency levels in the conversion of total energy into useful energy range from 20% to 90%, depending on the 

applicable district heating systems (individual, modular or centralised), their operational readiness, technology and 

age. Consequentially the current state of power and environmental efficiency in this field is having a significant 

adverse impact on the environment and climate change through high CO2 and greenhouse gas emissions. 

A3.3.4 In line with the strategy for overall global sustainable development, there is clearly a need to modernise and 

improve the heat supply to customers in accordance with the requirements of applicable legislation and the latest 

available technology. 

A3.3.5 The European Union, through its various Directives, has sought to reduce and displace the production of heat from 

fossil fuels with energy recovered from low temperature potential from power and industrial facilities, biomass, 

combustible waste, biogas, renewable and alternative forms of energy which have a reduced impact on climate 

change. 

A3.3.6 From a global sustainability perspective, best practise identifies large scale district heating systems for heating 

and cooling as being most favourable as they have the best energy input efficiency level, i.e. the lowest emission 

of harmful gases. 

A3.3.7 Existing large-scale centralised district heating systems provide heat to cities, urban settlements, suburbs and 

rural settlements, industrial facilities and other consumers. These systems are based on the concept of transport 

and distribution of heat from the heat source to heat substations within a consumption zone. Such systems will 

have a primary heating network (main distribution system) of 130-115/750C temperature level. At the heat 

substations the heat from the primary heating system is transferred to secondary heating system at a 90/700C 

temperature level via heat exchangers to supply customers with spatial heating.  

A3.3.8 Heat substations are designed to suit the end user be that buildings with multiple flats or apartments, individual 

households (multi-house zones), publicly owned infrastructure, health care, schools and colleges as well as 

different uses such as barns, greenhouses, factories and industrial facilities. 

A3.3.9 Heat substations in existing district heating systems serve as the main technological link comprising of the 

following: taking the required amount of heat from the primary system and transmitting it to the secondary system 

based on the defined current temperature parameters in the secondary system compared to the external 

temperature measured by the temperature sensor of the substation, transport-distribution of hot water through 

home installations, provision of static pressure and hot water dilatation in secondary systems of home installations, 

supplementation of lost water in home installations etc. In urban settlements with several thousand user-

connections with mostly individual households, the total number of heat substations can number in the hundreds, 

and secondary networks can reach hundreds of kilometres in length. As a result, district heating systems are 

complex pieces of infrastructure that need to be constructed, controlled and maintained. 

A3.3.10 Centralised district heating systems have existed for more than fifty years in colder European countries. Originally, 

these systems were mostly built to heat spaces and latterly they have also met domestic hot water demand and 

now also include some cooling. These systems have been gradually improved over the years, but the basic 

concept remains unchanged. The evolutionary approach has locked in the current low levels of efficiency and 

operational security of these systems. 

A3.3.11 Taking this experience, the project has commissioned Castle European to utilise and develop an existing 

methodology and suite of software tools to create an innovative solution for sustainable district heating. This 

concept for sustainable district heating applies the following principles: 

A3.3.12 Utilisation of widely available low-grade heat from a range of commercial, industrial or domestic sources. This 

temperature range is particularly appropriate as it provides appropriate cooling for many larger industrial plants, 

including power plants. This low-grade heat can be upgraded to 850C for use in district heating systems i.e. no 

primary fuel source for heat generation for district heating. 

A3.3.13 This supply and return range 85/250C is particularly beneficial as it enables the use of low cost, long life, low friction 

GRP pipe. In addition, the wide temperature range allows a larger volume of heat to be transported in a given 

volume of water – reducing the required pipe size as well as construction and operating costs. 

A3.3.14 To ensure flexibility in the supply and distribution of heat within the defined consumption zones (CZ), heat stations 

(HS) are expected to include heat accumulators / storage (HA) and distribution pumps (DP); 

A3.3.15 The distribution of heat from the heat station to connection of the consumer-user (CU) within the consumption 

zone of the substation (CZS) is foreseen with distribution pumps (DP), a distribution heating network system of 

85/250C and distribution heat substations (DHS); 

A3.3.16 Heating (and cooling) will be provided via home connection installations (HCI) with heat domestic storages. The 

combination of HCI and heat storage provides flexible and economic supply to the connected user with the required 

energy during the entire day on an annual basis. 

District heating system for transport and distribution of heat energy 

A3.3.17 The district heating system is based on a supply / return temperature regime of 85/250C for the supply and 

distribution of heat from the ERF to Home Connection Installations (HCI). 

A3.3.18 The system comprises two independent circulation networks, the first for the replenishment of heat storages in 

consumption zones and a second circuit for the distribution of heat to HCI of users in a given consumption zone. 

Both circuits are in balance as they are connected via the heat storages. 

A3.3.19 The first district heating circuit, as described above, starts at the threshold of the ERF with 850C hot water being 

supplied to network pipes for transmission to the heat storages in each of heat stations the various consumption 

zones. 

A3.3.20 Simultaneously, the same amount of cooled water at 25 degC is transported from heat storage back to the ERF in 

the return pipework. Pump pressure in first circulation circuit covers all of the hydraulic losses in the discharge and 

return pipework, with static pressure defined by the height levels of the heat storages which are replenished as 

required. 

A3.3.21 The second circulation circuit of the DHS distributes 850C hot water from the heat storage by variable flow 

distribution pumps (DPx), through the distribution network (MPx) through the distribution heat substations (DHS) 

to all HCIs of users in the respective consumption zones. 

A3.3.22 After heat is delivered to the house via its home installation (HI), cooled water up to 250C is distributed to the heat 

storage via the return distribution pipework following the same route, with the distribution pumps covering the total 

hydraulic losses in the second network circuit. 

A3.3.23 The design and construction of the district heating system has been planned using a state of the art design tool 

and based on supply and return temperatures of 850C/ 250C.  

Consumption zones heat stations – HS with heat accumulators - HA 

A3.3.24 District Heating network with strategically located heat storages provides flexibility and security of supply in the 

distribution of heat on a daily basis within defined consumption zones. 
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A3.3.25 The design of consumption zones includes the consideration of properties at the same altitude to enable the 

optimum supply conditions for consumers. 

A3.3.26 The capacity of each heat storage is designed to provide the supply of heat to consumers of the consumption zone 

within one hour at maximum demand rate. Heat storage should also have additional capacity to cover dilatation 

and hot water losses in the entire district heating system and connected home installations. 

A3.3.27 Heat stations are designed as light steel construction on a footprint 4x4x8m (lxwxh) to contain variable drive 

distribution pumps, shut-off and control valves, measuring instruments, automation and electrical equipment. It is 

envisaged that the heat storages will be of cylindrical vertical shape, modular mounting type, up to 4.0 m in 

diameter and c. 12 m high and should be installed on foundations next to the heat station building, with the 

necessary connections, service staircase and appropriate insulation.  

 

Distribution heat substations - DHS for supply of consumption zones of 

substations - CZS 

A3.3.28 The consumption zones of substations (CZS) are defined according to the type of consumers, installed capacity 

and heating requirements of the users within the consumption zone of the dedicated heat station. Control of the 

delivery of heat to consumers in CZS from the district heating distribution system is delivered by the distribution 

heat substations (DHS). The amount of heat consumed by connected customers in CZS is variable depending on 

a range of factors including consumer type, daily consumption diagram, user needs and weather. Heat demand is 

registered at distribution heat substations. 

A3.3.29 Based on the total heat consumption of all distribution heat substations, i.e. all consumers connected to the 

distribution line, the variable flow distribution pump (DPx) calculates the requirement to transport 850C hot water 

to the outermost distribution heat substation and return 250C cooled water to the heat station and associated heat 

storage. 

A3.3.30 At the end point of the distribution network, the required pressure differential is provided by distribution heat 

substation for enable the transport of water to the end points of the distribution branches to which the end user’s / 

HCIs are connected. 

A3.3.31 The primary function of the distribution heat substation is to provide the required pressure difference to enable the 

distribution of heat to consumers based on their rate of consumption. 

A3.3.32 The distribution and return collection, with the appropriate shut-off and control valves, measuring instruments, 

automation and other equipment will be housed in container type buildings (2.5m(w) x 2.5m(h) x 4m(l)). 

A3.3.33 Sustainable district heating systems (DHS) are designed to supply thermal energy for the purpose of space 

heating, hot water and some industrial processes. The developer’s approach is to utilise the low-grade waste heat 

that is a biproduct of power generation at the site. This waste heat is abundant and readily available for 

redistribution via a district heating network. Similar, to an electrical grid, an advanced district heating system 

requires a network for effective transmission and distribution. In addition, the network is enhanced by heat storage 

capacity in strategic locations that increases the flexibility of the system and its ability to meet peak demands.  

A3.3.34 The developer’s solution is designed around a steady temperature heat sources (HS) primarily from the cooling 

system (CS) which is upgraded by heat pumps (HP) to district heating grade hot water. The main operating 

parameters of this type of DHS are as follows: 

• For heat of 80MWt capacity, supply / return temperature level of 850C / 250C; 

• Required recovered heat from CS 75.0MWt, temperature level of 260C / 200C and 

• Electricity for pumping capacity and circulation,  

A3.3.35 The heat pumps being used have a high co-efficient of performance (COP). Pumps within the battery limit of the 

power plant are used to move water through the cooling system and the HP evaporators. Pumps within the district 

heating battery limits are used to circulate waste in the sustainable DHS. District heating system water (850C / 

250C) is transported from the energy recovery facility (ERF) using supply and return pipework to the heat storage 

for the respective consumption zone (CZ). Any water loss from leakage or other issues within the sustainable DHS 

is compensated by a pressure control pump from the water pool of the CS of the energy recovery facility. 

A3.3.36 Electricity for the HP operation is supplied directly from the ERF via the switchyard. There is redundancy in the 

system that allows power to be imported from the grid if required or economically preferable. 

A3.3.37 The power plant and district heating systems are connected in a way that allows entirely the independent and 

flexible operation of each facility on a standalone basis in order to respond to market conditions. Both facilities are 

co-located at the ERF site, to minimise cost through the replication of direct and indirect costs. 

A3.3.38 Our approach to district heating is that the utilisation of recovered waste heat is considered to have a lower 

environmental impact than the use of primary fuels (gas, oil, and coal) through displacement. 

Combustion air inputs and supply arrangements  

A3.3.39 Both primary and secondary combustion air is taken from the air inlet in the waste processing area (fuel handling 

air suction), the internal air from top of the furnace and from outside air in order to provide negative pressure in 

the waste processing hall to avoid the emission of odours. 

A3.3.40 This air is taken through the air pre-heater which uses heat from the heat recovery process to pre-heat air. This 

pre-heated air is then taken through the main air ventilator to the steam air heater to upgrade the temperature to 

1700C. 

A3.3.41 Steam is taken from the drum at the appropriate pressure to supply the steam condensing air preheater to ensure 

combustion air of 1700C. Primary air and control air are then taken through the booster fans to provide sufficient 

pressure for circulation and fluidisation of the fluidised bed. 

A3.3.42 There is a flue gas recirculation system which delivers a proportion of the flue gas to control the combustion 

temperature in the fluidised bed system. Flue gas recirculation fan provides the appropriate pressure. 

A3.3.43 All fans have appropriate redundancy to guarantee continuous operation of the plant at full capacity. 

A3.3.44 The first raw air preheating process is independent from the boiler or turbine performance. It shields the boiler from 

outside air temperature variations.  

NOx control  

A3.3.45 Continuous and advanced combustion temperature control is provided by the versatile control of combustion air 

supply and the re-circulation of flue gas combined with the advanced control of fuel qualities. 

A3.3.46 Although the combustion control process ensures compliance with IED BREF 2019 standards for NOx emissions, 

the plant is additionally equipped with a post-combustion NOx reduction capability.  

Carbon Capture 

A3.3.47 The plant is carbon capture ready plant in terms of EU IED: 

• Space is reserved for technically feasible carbon capture solution. 

• Solution is economical at current CO2 prices. 

A3.3.48 There is infrastructure for carbon sequestration in the proximity of the plant (Feeder 10) intended to deliver CO2 to 

North Sea enhanced oil and gas recovery. Deployment of carbon capture would further improve emissions.  
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Furnace temperature and residence time  

A3.3.49 At the point of ignition, the boiler provides a residence time of at least 2s at 8500C to prevent the formation of 

dioxins and furans. 

Combustion support/auxiliary firing type and fuel  

A3.3.50 The boiler is equipped with natural gas burners for furnace operation and preheating of the fluidized bed (during 

start up process). Auxiliary fuel is LNG.  

A3.3.51 Plant is equipped with the independent LNG storage and re-gas system with rapid response and ability to supply 

boiler with vaporised LNG at any point of time and up to full capacity of the boiler.  

Combustion control system outline  

A3.3.52 Combustion control comprises: 

1. Fuel quality control 

2. Primary and secondary air preheating and variable volume control 

3. Variable volume flue gas recirculation 

4. Variable fuel intake 

5. Interex system to control temperature of the fluidized bed 

6. Ability to adjust chemistry of the fluidized bad as required for adequate combustion of available fuel 

7. Bottom ash separation system 

8. Automatic dosing of auxiliary fuel (vaporized LNG) up to 100% of boiler fuel input. 

9. Boiler automation and control system with combustion process simulation tool. 

 

Energy Recovery Equipment and Processes  

 

Figure A3.1.1 

A3.3.53 Electricity generation takes place in the plant comprising the following components (see Figure A3.1.1 above): 

• B1. Boiler for the production of superheated steam and related auxiliary systems; 

• B2. Turbine-generator and related auxiliary systems to maximizes the condensation of low-potential 

steam from steam turbine and 

• B3. Transformers and switch gear to connect the plant to the electricity grid. 

A3.3.54 The (B) power plant applies a thermal cycle based on the Clausius-Rankine cycle. 

A3.3.55 Steam is raised in the boiler at a pressure of 66 bar and temperature of 4500C. The boiler has a thermal rating of 

85.4MWth and is able to produce approximately 100 tonnes of steam per hour from the combustion of processed 

waste. 

A3.3.56 The steam from the boiler is delivered through a high-pressure steam line into the high-pressure section of the 

steam turbine (B2.1) where it is transformed into electricity via the gear connected generator (B2.2) with a 35.0 

MWe capacity. 

A3.3.57 Low-pressure steam condenses in the steam turbine condenser (B2.3), out of which the condensation heat is 

transferred to the district heating system or it is ejected to atmosphere via cooling towers. (B2.4). 

A3.3.58 The condensate from the turbine condenser is reheated via a heat exchanger in the flue gas heat recovery process 

(B1f) to 1300C, and then returned to the boiler by feeding pumps at a pressure of 76 bar, thus closing the production 

cycle of the steam-condensate. 
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Power system B3 of B and C comprises of the following facilities: 

• B3.1 Electrical and auxiliary facilities of turbine generator (B) with step up transformer - TS (35/46.7MV; 

13.5-33 kV) and back-up parasitic load TS (20MVA 33-6.3 kV); 

• B3.2 Electrical and auxiliary facilities of DHP (C) with two TS (20MVA; 33/6 kV) and 

• B3.3 33 kV high voltage level switch room, comprised of busbars and connection equipment. 

A3.3.59 The electricity produced in the turbine-generator B2 is transferred to 33 kV high voltage power system and 

connected consumers via step-up transformers and switch room insulated by GE’s g3 gas filled switches via 

double busbars of B3 – switch room. The above power and heat units B3.1,2 are connected with power system 

B3.3, which provides flexibility in delivery and procurement of electricity according to the current operating modes 

of these systems. 

Steam generation system, with temps and pressures  

A3.3.60 High-pressure steam generation system is comprised of a boiler device and auxiliary systems. 

A3.3.61 B1 The steam boiler is a circulating fluidized bed (CFB)furnace and boiler using processed waste, which has been 

pre-treated by using BMH Technology’s proprietary processing equipment and supplemented by natural gas to 

satisfy the following conditions: 

• superheated steam 99.36t/h; 66bar; 4500C; 

• average fuel 26.8t/h; 13.0MJ/kg; 85.4MWt 

• efficiency 89.4% 

 

Genset outline  

A3.3.62 The electricity generation system (B2) is comprised of the with the following components: 

• B2.1 Steam turbine and associated generator, with total capacity 35.0MWe. 

• B2.2 Electric generator with maximum available capacity of 35MW; 13.5kV; 50Hz; 1500 r/min 

• B2.3 Steam turbine condenser with the capacity of 99.52t/h; 0,035bar; 26.70C, with cooling system; 

• B2.3 Turbine facility cooling system; 

 

Details of electricity generation capacity, parasitic load and net plant electrical 

efficiency (on GCV)   

A3.3.63 The power plant is designed to provide continuous production of 35MWe at the generator at 0.85 power factor. It 

is able to vary output load with the main fuel. For other load variations, auxiliary fuel is used. Net efficiency at the 

generator is 38.9%. 

A3.3.64 The boiler heat-to-steam efficiency (EN12952) is about 90% in all operation regimes with the main fuel. 

A3.3.65 Parasitic load of the plant is calculated within plant boundaries and taking into consideration probability of load for 

devices that are not operating continuously. This is based on an estimated a nominal outside temperature of 100C. 

 

Details of heat recovery equipment and methodology   

A3.3.66 In order to increase the overall efficiency of the plant, with a boiler heat-to-steam efficiency of approximately 89-

90%, the use of flue gases in the range of 1850C to 300C is anticipated in the facility (B1.3). Cooling and drying of 

the flue gases by condensing water vapor at a temperature of 550C and below produces a significant amount of 

low-potential recovered heat as well as hot condensate (over 13t/h). Part of the recovered heat is returned to the 

boiler production cycle via heated primary and secondary air at 950C via water-air heat pumps.  

 

Details of heat export capacity, fluids and temperatures; net plant heat 

efficiency (on GCV)   

A3.3.67 The condensate from the turbine condenser is reheated via a heat exchanger in the flue gas heat recovery process 

(B1f) to 1300C, and then returned to the boiler by feeding pumps at a pressure of 76 bar, thus closing the production 

cycle of the steam-condensate. 

A3.3.68 In order to increase overall efficiency of the boiler (which has a nominal efficiency of 89%), the flue gas temperature 

from 1800C to 300C is used to support the combustion process. This is combined with the heat recovered from the 

turbine condenser.  

Net plant overall efficiency (on NCV)  

Plant net electrical efficiency to the grid is 33%. R1 efficiency calculation is provided below.  

Table A3.2.1 R1 calculation at 100C with central scenario for heat delivery (source CEL) 

                  


