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Aerial Photo showing buildings served by CHP/DHS installation

The above project was conceived and designed by CECL engineers and operated under their supervision during its first three years of use. It set out to demonstrate the viability of installing a gas fuelled combined heat and power unit in an existing city centre office complex and using it to generate electricity and heat for the office complex and heat for the neighbouring buildings. The project, which was commissioned in January 1997, received a Bremen Partnership Award in 2001.

Frank McDonald of the Irish Times wrote at that time;

Aided by a £500,000 (euro 634,869) grant under the EU Thermie programme, this innovative project was developed in the mid-1990s by Tim Cooper's Conservation Engineering Ltd for Dublin Corporation and Temple Bar Properties. It recently won the Bremen Partnership Award, beating 140 other projects, including some in Denmark and the Netherlands.

What so impressed the international jury, chaired by the Mayor of Bremen, Dr Henning Scherf, was that it had clearly resulted in a very significant reduction - 40 per cent - in carbon dioxide emissions, compared to conventional heating systems, and thus made a tangible impact in abating the greenhouse gases blamed for climate change.

Frank’s article can be found at http://www.ireland.com/newspaper/property/2001/0503/prop2.htm 

Summary

This project set out to demonstrate the viability of achieving optimal standards of energy conservation in a city centre urban renewal project by installing a gas fuelled combined heat and power unit in an existing city centre office complex and using it to generate electricity and heat for the office complex and heat for the neighbouring buildings. Initially, it was envisaged that heat from the combined heat and power unit would be exported to a major new residential development that would incorporate a water based heating system, including a large thermal reservoir, designed to make optimum use of the exported heat. This scheme was modified, when part of the residential development was held up because of archaeological problems, by using a network of insulated plastic pipes connected to number of existing and new thermal accumulators in three medium sized and one large nearby hotels, one hostel and one new apartment block to create a large insulated heat sink with sufficient capacity to cope with short term differences between supply of heat from the CHP unit and demand for heat from the connected buildings. Three new shallow wells were constructed and linked up to the system to enable ground water to be used to smoothen out short term variations in return water temperature.

The CHP unit was commissioned in December 1996. After some initial teething problems, the system settled down and all the elements of the system performed satisfactorily. The estimated annual saving in energy costs is £187,000. The additional cost of the project, compared with conventional systems was £1,200,000, giving a theoretical payback of 6.4 years. The actual payback will be longer than this because the output from the CHP unit is being sold to the consumers at discounts ranging from 5% to 25%. The project is resulting in savings in primary energy consumption of 6,000 MWh per annum and associated reductions in CO2 emissions of 2,500 tonnes per annum.

Figure 1. Aerial photograph showing location of project
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2. Project aim and general description
2.1 Aim of the project

The project set out to demonstrate the viability of linking up the heating systems of a number of new and existing buildings in the centre of a historic city to create a heating load that matches the heat output from a combined heat and power system capable of supplying approximately 90% of the electrical power required by a major office complex belonging to Dublin Corporation known as the Civic Offices. Hotels, hostels, apartments and a Cathedral were selected for the project because their high night-time and week-end heating loads complimented the high week-day day-time heating load of the office complex. The hotels, hostels and apartments were also selected because of their year round hot water heating load. A network of underground insulated plastic pipes was used to link up the hot water storage tanks and heating systems in the office complex, four hotels, one hostel and 53 apartments. The primary circuit is a low temperature (90ºC flow, 70ºC return), constant flow (23 l/s), medium pressure (6 Bar) continuously operating system. A shunt circuit is used to divert part of this flow (14 l/s) through the combined heat and power unit. High efficiency plate heat exchangers are used to link the primary circuit to secondary circuits serving each building. A third circuit containing ground water is linked to the shunt circuit using a high efficiency corrosion resistant titanium plate heat exchanger. The ground water circuit consists of three new ground water production wells, one large existing ground water holding tank and a new U-PVC ground water circulation system that is used to control the temperature of the water returning to the combined heat and power unit. The combined heat and power unit was installed in the basement of the office complex where it was linked directly to the low voltage (440 V) side of the electrical supply serving the Civic Offices complex and through a 1,000 kVA transformer to the high voltage (10 kV) grid connection. A two way maximum demand and unit meter was installed to monitor and record imported and exported electrical power. A new high pressure (4 Bar) natural gas supply brought to the building and used to supply the combined heat and power unit at 140 mBar and the existing boilers at 45 mBar. The exhaust from the unit was discharged at high level via a double skinned stainless steel flue installed in an existing vertical duct. A state of the art Building Management System (BMS) was used to optimise the operation of the combined heat and power system and to monitor and record all associated heat and power produced by the system. The BMS was also used in conjunction with a modem and portable FM radio receiver to relay alarm conditions to the duty system manager. The project is located on a key site in a flagship development located in the centre of the city of Dublin. The site is located in an area that is currently one of the best known and most active centres of development in Dublin. This area is undergoing a major renewal and redevelopment project that is transforming it into a major social, commercial and residential hub right in the centre of the city. The system commenced operation in December 1996 and was launched officially in September 1997 by the Minister for State in the Department of Public Enterprise at a reception attended by a large number of city officials, developers, designers and contractors. It has since been the subject of a number of articles in various national journals and daily newspapers.

Figure 2. Some of the buildings served by the project

2.2 Description of the installation
2.2.1 Linked up heating systems

The heating and hot water requirements of all existing and proposed buildings in the vicinity of the Civic Offices were examined to determine if they could be included in the project. The main requirement was a water based heating system capable of operating with a maximum flow temperature of 85ºC and a year round hot water demand. A theoretical model was used to calculate the daily heat and hot water requirements of each of the selected buildings. In the case of the hotels, hostels and offices, the output from this model was checked by comparing it with sets of actual consumption data obtained from existing buildings. These data were then used to construct a model of an integrated heating system serving the entire complex of buildings included in the project. This model was then used to investigate a number of primary flow configurations using a variety of insulated pipeline systems and hot water storage systems. The optimum configuration that emerged consisted of a 150 mm internal diameter insulated mild steel primary circuit within the basement of the Civic Offices connected to the heating and hot water storage systems of the Civic Offices. This 150 mm diameter pipework was also connected by means of two 250 mm diameter insulated mild steel headers and three pairs of 90 mm internal diameter underground insulated flexible plastic pipelines to the heating and hot water storage systems of the neighbouring buildings. Plate heat exchangers were used to isolate the primary flow from secondary circuits serving each connected building. These circuits were powered by a set of three 17.5 kW in-line pumps, one running and two stand-by, giving a flow rate of 23 l/s. A 100 mm internal diameter insulated mild steel shunt circuit was used to draw part of the flow between the return header and the plate heat exchanger serving the Civic Offices through the combined heat and power unit. This shunt circuit was powered by two 5.5 kW in-line pumps, one running and one stand-by, giving a flow rate of 14 l/s.

Figure 3. Plan showing buildings connected to the system

2.2.2 Pre-insulated plastic pipelines

The design and construction of the linked up heating system presented many complex challenges. Much of the termination work was carried out in busy occupied properties belonging to third parties and the routes for the underground pipes were either in highly sensitive areas (the archaeologically enriched grounds of Christchurch Cathedral for example), under busy public thoroughfares or across active construction sites. The main problems here were restricted hours of access for installation and for subsequent maintenance work. As these restrictions ruled out the possibility of constructing dry ducts with removable access panels, high quality flexible pre-insulated plastic pipes were chosen because of they could be laid in relatively shallow trenches, they did not require expansion loops or cutting, welding and testing on site and could, therefore, be installed very rapidly. Ecoflex ® Thermo pre-insulated plastic pipes were selected on the basis of price and performance. The main circuits were constructed using single line systems with pipeline type 525009 with an internal diameter of 90 mm. The carrier pipe is manufactured from a cross-linked polythene, the insulating material is a cross-linked cellular polythene and the jacket pipe is corrugated heavy duty polythene. This pipeline is suitable for use at temperatures of up to 95ºC and pressures of up to 6 bar. The carrier pipe is oxygen diffusion-proof according to DIN 4726. The insulating material is a closed cell non-absorbent foam manufactured without the use of CFCs. At typical working temperatures (heating water temperature 80ºC, ground temperature 14ºC) the heat loss from these pipes is approximately 47 W/m. The pipes were connected using Ecoflex ® Wipex pipe connections. A number of short sections of post-insulated GB pipes were used at locations were it proved to be impractical to use the Ecoflex ® pipelines because of space constraints.

Figure 4. Photo of pipe laying work in grounds of Christchurch Cathedral

2.2.3 New Hotels

The heating and hot water systems in three new hotels  (the Harding Hotel, the Handel Hotel and the Parliament Hotel) constructed during this project were designed around the concept of using a plate heat exchanger connected to the Ecoflex ® pipelines as the lead boiler. Gas boilers were also included in the design to provide a secondary or stand-by supply of heat. The flow rate through the primary side of the plate heat exchangers was set to a known constant rate during the commissioning of the system. This enabled the heat supplied to each Hotel to be measured and recorded using sensors that monitor primary flow and return temperatures. These sensors were linked back to the central building management system enabling it to serve as a multi-site heat meter. Temperature control in each Hotel was achieved using conventional methods.

Figure 5. Photo of Harding Hotel
2.2.4 Existing Hotels

A similar arrangement to that described in paragraph 2.2.3 above was retro-fitted to two existing Hotels, Jury’s Christchurch Inn and Kinlay House.

Figure 6. Photo of Jury’s Christchurch Inn

2.2.5 Combined Heat and Power Unit

The combined heat and power unit was selected by a process of competitive tender. All interested parties were given a full set of heat and power consumption data for the project and invited to put forward priced proposals for the delivery, commissioning and maintenance of one or number of appropriately sized combined heat and power units. The resultant submissions were evaluated in terms of capital cost per kWh electrical, operating efficiency and operating costs. The best tender was submitted by Edina Limited using a module based on a Jenbacher JMS 320 engine with outputs of 922 kW electrical and 1,185 kW thermal. The Jenbacher JMS 320 is a high speed (1,500 RPM) LEANOX ® low pollution lean burn gas fuelled engine. The performance of the unit can be summarised as follows:

Power setting



100%

75%

50%

Energy input (kW, LCV)

2,359

1,824

1,289

Electrical output (kW)

922

691

458

Recoverable thermal output (kW)
1,185

932

674

Total efficiency


89.3%

89%

87.8%

The engine is a 20 cylinder 70ºV configuration four stroke 48.7 litre unit. Heat is recovered from the engine block, the engine lubricating oil and the exhaust gas. The minimum and maximum acceptable return temperatures are 50ºC and 73ºC respectively at a constant flow rate of 14.17 l/s and a nominal pressure of 6 bar, giving an outlet temperature range of 61.4ºC to 93ºC. The unit is monitored and controlled using an industrial standard PC based computer hardware and software system called DIA.NE (Dialogue Network). This system makes use of a suite of sensors built into the unit (knock detectors, thermocouples, optical sensors and pressure sensors) to optimise the operation of the unit by a combination of fast control processes (firing point) and slow control processes (mixture temperature, exhaust gas recirculation). It also includes a comprehensive alarm condition management system that records and reports conditions that exceed normal operating ranges and activates a range of automatic protective and safety procedures. It is also used to log key performance and production data and to flag the need for major maintenance procedures. In addition to being the most efficient and economical unit offered, this unit was also offered with a guarantee that it has one of the lowest emission characteristics of any engine available. Emissions from the unit based on 5% O2 were quoted as follows:





NOx

500 mg/Nm3




CO2

950 mg/Nm3




NMHC
150 mg/Nm3
These are significant improvements on the requirements of TA Luft and the Federal clean air acts.

The generator is a Stamford type HC 734 F self exciting, self regulated three phase 400 V unit with a maximum rating of 1,460 kVA, power factor range of 0.8 lagging to 0.8 leading and efficiencies of 97% (p.f. 1) to 96.2% (p.f. 0.8). The output from the generator is connected into the low voltage circuit in the Civic Offices at one of the main low voltage panels using electronically and mechanically interlocked circuit breakers.

Figure 7. Photo of CHP unit

2.2.6 Apartment heating systems

A single secondary heating water circuit was installed in each apartment block and connected to the primary heating circuit across a single plate heat exchanger. Shunt circuits off this secondary system were brought directly into each apartment where they were split into two individually controlled circuits; one to provide space heating and the other to provide heat for domestic hot water. The pumps and valves controlling these individual circuits were activated by a card reading PLC control unit that takes account of room air temperature, the temperature of the water in the hot water storage tank, time schedules and the amount of credit available on the occupants smart card. A point of sale unit was installed in a nearby retail shop where the occupants could purchase credit for their smart cards as the need arose. The PLC control units, card readers and point of sale unit were manufactured by Raab Karcher Limited.

Figure 8. Photo of Smock Alley Court

2.2.7 Christchurch Cathedral

As one of the main primary circuits crossed the grounds of Christchurch Cathedral it was decided to provide for a spur off that could supply heat to Christchurch Cathedral as and when it was required. At the time of writing this report, this spur is being connected up to the Cathedral using a small plate heat exchanger thereby enabling the authorities to replace the old and potentially dangerous existing boiler installation with a very much safer, more efficient and less expensive supply of heat.

Figure 9. Photo of Christchurch Cathedral
2.2.8 Control System

A Unitron building management system is used for all high level monitoring and control functions. This system comprised a cental micro-computer and one UCC4, 24V, AC powered programmable communication controllers and five UC08 and six UC16PG type micro-controller units by Cylon Controls Limited. The micro-computer operating software is WN3000 by Cylon Controls Limited. The main control strategies include:

2.2.8.1 CHP output

The output from the CHP unit is matched as closely as possible to the electrical load in the Civic Offices. When the electrical load in the Civic Offices falls within the output range of the CHP unit, the throttle setting is adjusted every 5 minutes to bring the output from the unit into line with the load in the Civic Offices. When the electrical load in the Civic Offices exceeds the maximum output of the CHP unit, the throttle is set to 100%. Any shortfall in electrical power is then imported from the national grid. When the electrical load in the Civic Offices falls below the minimum output of the CHP unit, the throttle is set to the minimum of 50%. Any surplus in electrical power produced is then exported to the national grid. This is achieved by continuously monitoring the output from the CHP unit and the amount of power imported or exported to the national grid and adjusting the throttle setting accordingly. The amount of power imported and exported from and to the national grid is logged using an import-export maximum demand meter.



Figure 10. Screen dump showing CHP output and CO requirement
2.2.8.2 Return temperature

The return temperature to the combined heat and power unit is controlled using two different processes. If the return temperature drops below 65ºC, the main boilers in the Civic Offices are fired up and used to maintain this minimum return temperature. They are switched off when the return temperature exceeds 65ºC. If the return temperature rises above 70ºC, a submersible pump in the ground water sump is used to pump ground water at an ambient temperature of 11ºC through the titanium plate heat exchanger on the return side of shunt circuit through the combined heat and power unit. The speed of the submersible pump is adjusted to maintain a maximum temperature of 70ºC. If this rate exceeds the natural rate of flow of ground water into the sump, the well pumps are used to increase the ground water flow rate as necessary.



Figure 11. Screen dump of return temperatures before and after PX unit
2.2.8.2 Metering

The BMS is used as a meter for the purpose of monitoring the performance of the system and for calculating bills for consumers. Electricity consumption in monitored and recorded using the output from the import/export meter and a series of current transformers. Heat consumption is monitored and recorded using flow and return temperature sensors each side of every heat producing and consuming unit. This data is used together with the know constant flow rates through these units to calculate and record heat consumption.



Figure 12. Screen dump showing BMS heat meter readings

3. Construction, Installation and Commissioning
3.1 Suppliers of Equipment and Services

The main construction contract and major construction sub-contracts were awarded on the basis of competitive tender and negotiation. The main contract, the supply, delivery and commissioning of the combined heat and power unit and associated electrical services  was awarded to Messrs Edina Limited, 142A Slaney Close, Dublin Industrial Estate, Glasnevin, Dublin 11. The mechanical services sub-contract was awarded to Messrs HA O’Neill Limited, Waterways House, Grand Canal Quay, Dublin 2. Other contractors and suppliers included:

Rilmount Developments Ltd., Brownsbarn Commons Lr., Baldonnel, Co Dublin - Civil Engineering and Trenching Contractor.
Killoran Developments Ltd., 6 Cowper Road, Rathmines, Dublin 6 - General Building Contractor.

Techcon International Limited, “Sorrel”, Manor Kilbride, Blessington, Co Wicklow, Ireland - suppliers of BMS system and associated controls and individual apartment heat meters and point of sale unit.

Raab Karcher Energy Services Ltd., High Mill, Cullingworth, Bradford, West Yorkshire - suppliers of EMS Mainmet PLC controller units for individual apartment controls and point of sale unit.

Cylon Controls Ltd., Unit 8, IDA, East Wall Road, Dublin 3, Ireland - manufacturers of BMS system.

Conservation Engineering Consultants Limited., The Mews, 17 Harcourt Street, Dublin 2 - Design, Project Management, Special testing and commissioning services.

Work started on site in earnest during the Autumn of 1995 was completed in December 1996. Performance testing and monitoring of the system commenced immediately and continued throughout the following twelve months.

3.2 Project management

Mr Tim Cooper of Conservation Engineering Limited was responsible for overall control and planning of the project. Mr John O’Connor c/o Dublin Corporation and Mr Pat Walshe c/o Temple Bar Properties Limited were responsible for co-ordination of work executed by Dublin Corporation and Temple Bar Properties Limited, respectively. Mr Paul Gibbons of Edina Limited was responsible for the procurement and installation of the CHP unit and the associated electrical services. Mr Stephen McCabe of HA O’Neill Limited was responsible for the direct control and management of the mechanical contract. Mr Gerry Curren of TechCon International Limited was responsible for the procurement and installation of the BMS, and associated controls. The design team included Carrig Consultants, Westland Square, Dublin 2 (Specialist Design Studies and Site Supervision), Messrs VMRA, Tramway House, Milltown, Dublin 6 (Services Engineers), Homan O’Brien Associates, 5 Marine Terrace, Dun Laoghaire, Co Dublin (Services Engineers), Margaret Gowan & Company Ltd., Ferndale, Rathmichael, Co Dublin (Archaeology), Conservation Engineering Consultants Ltd., (Commissioning and Monitoring Engineers).

3.3 Technical Problems and Solutions

Three significant technical problems emerged during the first year of operation.

3.3.1 Perforation of cooling coil

The first was a corrosion or erosion problem that resulted in the perforation of a cooling coil that was used to dissipate heat that accumulated inside the enclosure housing the combined heat and power unit. This was the result of a ground water quality problem that could not be resolved economically. The solution involved the modification of the associated air handling plant to enable excess heat inside the enclosure to be dissipated by drawing air from the plant room into the enclosure and discharging it outside the building.

3.3.2 Engine reliability problem

The second was a problem with the engine management system that resulted in a lack of reliability. This was eventually traced to a combination of factors including a sticking butterfly valve, a faulty gas regulator and a defective HT coil.

3.3.3 Fouling of plate heat exchanger

The third was a fall off in the efficiency of the plate heat exchanger on the ground water circuit. This was caused by the deposition of thin layer of detritus on the surface of the plates exposed to ground water. The solution to this problem included the installation of a two stage straining system in the ground water sump and the fitting of a backwashing circuit to the plate heat exchanger. The original  plates, which were 316 Stainless Steel, were upgraded to Titanium at the same time to protect against corrosion. 

3.4 Modifications and over-runs

The project was modified during the summer of 1995 with the agreement of the Commission when it transpired that the programme for four of the five apartment blocks had to be extended because of a major archaeological investigation. The main modifications made were:

a) the installation of a single 922 kW(e) CHP unit in place of the two 322 kW(e) units originally proposed.

b) the use of a number of distributed calorifiers as thermal reservoirs instead of a single central thermal reservoir.

c) the elimination of the need for deep boreholes by extending the system to connect it up to a large Hotel that has a substantial year round hot water requirement.

The scheme was also modified to enable Christchurch Cathedral and the four delayed apartment blocks to be connected to the system at a later date.

4. Operation and Results

4.1 Operating History

The system was commissioned in December 1996 and has been running continuously since then. A comprehensive financial control system was put in place immediately to enable all users connected to the system to be accurately billed or paid for services provided or obtained. This included a comprehensive independently certified metering system that accurately measured and recorded all gas, heat and power consumed and produced by the system. These data were also used to analyse the thermodynamic and commercial performance of the system every month and as an aid to the day-to-day optimisation of the system. They were finally used to check the original performance predictions and as a basis for producing this report.

4.2 Performance

The first performance check that was carried out was the performance of the CHP unit. This was a relatively simple task undertaken at the end of every month. The total amount of heat and power produced by the unit was expressed as a percentage of the total amount of energy consumed by the unit. The results obtained were precisely in line with the manufacturer’s specification. They are plotted in figure 13 below.

Month

Heat output
Electrical output
Energy input
Overall efficiency

Jan (‘98)
599,582
440,212

1,173,541
89%

Feb (‘98)
567,539
412,447

1,106,771
89%



March

375,373
292,062

719,378
92%


April

440,162
342,472

817,838
95%

May

464,721
352,000

894,586
92%

June

619,000
447,979

1,190,468
90%

July

625,269
460,661

1,216,306
89%

August

614,361
456,075

1,201,500
89%

September
635,111
483,745

1,172,165
95%

October
621,051
467,358

1,350,294
81%

November
628,016
470,410

1,255,202
88%

December
640,004
463,004

1,270,616
87%

Figure 13. Overall performance of CHP unit

The second check was the electrical consumption in the Civic Offices. The original predictions were based on an analysis of the actual consumption of the partly occupied building. The data obtained during the monitoring period indicated that actual electricity consumption during the spring, autumn and winter periods was closely in line with that predicted but that actual electricity consumption during the summer period significantly exceeded that predicted. These data are plotted in figure 14 below. The mismatch between predicted and actual electricity consumption during the summer period it thought to have been the result of problems encountered during the commissioning of a new ice bank night storage chilling system. It is intended to determine the cause of this more accurately during 1998 and to take whatever steps are possible to bring this more closely into line with the target figures.

	
	
	
	Predicted
	
	
	Actual
	

	
	
	Day units
	Night units
	Max Demand
	Day units
	Night units
	Max Demand

	
	
	MWh
	MWh
	kW
	MWh
	MWh
	kW

	
	Jan/Feb
	637
	191
	1006
	647
	193
	1018

	
	Mar/Apr
	658
	197
	1087
	738
	193
	1442

	
	May/Jun
	658
	197
	1087
	720
	249
	1454

	
	Jul/Aug
	669
	201
	1087
	845
	253
	1521

	
	Sep/Oct
	658
	197
	1087
	677
	250
	1417

	
	Nov/Dec
	658
	197
	1006
	797
	239
	1173


Figure 14. Predicted and actual electricity consumption in the Civic Offices
The third check was the heat and hot water consumption of the buildings connected to the system. The original predictions were based on a combination of actual data collected from existing buildings and a comprehensive theoretical analysis of the heat energy requirement of the new buildings. The actual consumption recorded during the monitoring period was shown that it closely matched the original predictions. These results are shown in figure 15 below.

	
	
	Actual
	Predicted

	
	
	MWh
	MWh

	
	Jan
	775
	762

	
	Feb
	529
	687

	
	Mar
	580
	531

	
	Apr
	561
	489

	
	May
	319
	490

	
	Jun
	302
	251

	
	Jul
	276
	251

	
	Aug
	268
	251

	
	Sep
	310
	462

	
	Oct
	580
	494

	
	Nov
	690
	510

	
	Dec
	769
	758


Figure 15. Actual and predicted heat energy requirements

The final analysis was an overall assessment of the actual performance of the system and the comparison of this with that of a conventional system. The data obtained from the control system during the monitoring period was used to calculate the actual cost of the energy consumed by the system, the amount of primary energy consumed as a result of the operation of the system and the actual amount of CO2 emitted by the system. These data were then used to calculate a similar set of figures for conventionally designed systems. For the purpose of this exercise it was assumed that the apartments would have had all-electric heating and hot water systems (as would have been the case) and that electricity drawn from the national grid is produced at an overall efficiency of 34% with associated CO2 emissions of 0.8 Kg/kWh. It was also assumed that all associated boilers would have been non-condensing units operating at an efficiency of 85% of LCV (as would have been the case) with associated CO2 emissions of 0.2 Kg/kWh, LCV. The results of this analysis are shown in figure 16 below.




Figure 16. Overall performance of the system
4.3 Success of the project

With the exception of the items referred to in paragraph 3 above, all the major components have performed satisfactorily. The output and performance of the combined heat and power unit was remarkably close to that specified in the tender documents. The overall performance of the system was also closely in line with that predicted. The success of the project can best be described by comparing the estimated performance of a standard system with the actual performance of the installed system using data obtained during the monitoring period as follows:

	Standard System
	
	
	
	
	
	
	
	
	
	

	
	
	Electricity

from grid
	
	
	Gas
	
	Primary Energy
	
	CO2 emitted
	Cost

	
	
	MWh
	
	
	MWh
	
	MWh
	
	tonnes
	
	(Excl VAT)

	Civic Offices
	
	6,034
	
	
	2,344
	
	20,092
	
	5,296
	
	IR£343,993

	Jurys
	
	0
	
	
	1,553
	
	1,553
	
	311
	
	IR£21,705

	Harding
	
	0
	
	
	500
	
	500
	
	100
	
	IR£6,995

	Kinlay
	
	0
	
	
	348
	
	348
	
	70
	
	IR£4,860

	Handel
	
	0
	
	
	462
	
	462
	
	92
	
	IR£6,460

	Parliament
	
	0
	
	
	399
	
	399
	
	80
	
	IR£5,585

	Apartments
	
	268
	
	
	0
	
	789
	
	215
	
	IR£18,780

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Totals
	
	6,303
	
	
	5,606
	
	24,143
	
	6,163
	
	IR£408,377

	
	
	
	
	
	
	
	
	
	
	
	

	Installed System
	
	
	
	
	
	
	
	
	
	

	
	
	Electricity

from grid
	
	
	Gas
	
	Primary Energy
	
	CO2 emitted
	Cost

	
	
	MWh
	
	
	MWh
	
	MWh
	
	tonnes
	
	(Excl VAT)

	CHP unit
	
	0
	
	
	17,089
	
	17,089
	
	3,418
	
	IR£148,674

	Civic Offices
	
	361
	
	
	0
	
	1,060
	
	288
	
	IR£72,673

	Jurys
	
	0
	
	
	0
	
	0
	
	0
	
	0

	Harding
	
	0
	
	
	0
	
	0
	
	0
	
	0

	Kinlay
	
	0
	
	
	0
	
	0
	
	0
	
	0

	Handel
	
	0
	
	
	0
	
	0
	
	0
	
	0

	Parliament
	
	0
	
	
	0
	
	0
	
	0
	
	0

	Apartments
	
	0
	
	
	0
	
	0
	
	0
	
	0

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Totals
	
	361
	
	
	17,089
	
	18,149
	
	3,706
	
	IR£221,347

	
	
	
	
	
	
	
	
	
	
	
	

	Savings
	
	
	
	
	
	
	
	
	
	
	

	
	
	Electricity

from grid
	
	
	Gas
	
	Primary Energy
	
	CO2 emitted
	Gross saving

	
	
	MWh
	
	
	MWh
	
	MWh
	
	tonnes
	
	IR£ (Excl VAT)

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	5,942
	
	
	-11,483
	
	5,994
	
	2,457
	
	187,029

	
	
	94%
	
	
	-205%
	
	25%
	
	40%
	
	46%


Figure 17. Comparison of performance with standard system
The data in Figure 17 show annual consumption, emission and expenditure rates for the heat, light, hot water and power sytems in the Civic Offices and the heat and hot water systems in the connected Hotels and apartments. The figures shown under the heading of standard systems assume the use of grid electricity for light and power in the Civic Offices and heat and hot water in the apartments and natural gas fired boilers for heat and hot water in the Civic Offices and Hotels. Both sets of data are based on recorded energy consumption during the monitoring period. These results can be readily used to assess the performance of the system in terms of total annual energy consumption, total associated annual CO2 emissions and total annual expenditure. The results of a slightly more complex analysis of these data are shown in Figure 18 below.





       Primary Energy Consumption (MWh)                      CO2 Emissions (tonnes)                                 Expenditure (IR£)

Figure 18. Bar charts showing comparative performance of standard and installed systems

 The bar charts in Figure 18 show the comparative performance of the standard and installed systems broken down by building type - i.e. Offices, Hotels and Apartments. These have been calculated by apportioning the annual totals for the installed system on the basis of the actual figures for the standard systems.




                                      Standard Systems                                                                            Installed System

Figure 19. Pie Diagrams showing composition of local energy sources

The Pie diagram in figure 19 shows the huge drop in consumption of grid electricity resulting from the installation of the CHP unit - from 53% to 2% of total energy consumed. This illustrates the reason for the very significant reduction in associated CO2 emissions.

4.4 Operating costs

A comprehensive business plan and set of operating accounts have been prepared for the project to enable operating costs to be identified, monitored and controlled. The main headings under which operating costs are recorded and the current annual figures are listed below:




Contract Maintenance

£43,000




Contract Management

£32,500




Insurance


£6,000




Sundry costs


£5,000



The gross current annual value of associated sales of heat and power is £408,377. The current annual cost of these associated sales (purchase of gas and heat) is £221,347. The resultant gross annual margin is thus £187,029. After distribution of this to cover interest charges (£27,000), annual depreciation (£38,000) and agreed discounts passed on to consumers (£38,000), the current net annual margin of approximately £84,000 is very similar to the current annual operating cost of the system. It is, therefore, operating on a break-even basis at present.

4.5 Future of the installation

In the course of this project, Conservation Engineering Limited grew from its original status of a relatively small Trinity College Campus Company into a well financed medium sized company that is currently specialising in the area of BOO (Build Own and Operate) combined heat and power installations. Conservation Engineering Limited is now the owner and operator of all of the primary systems installed during this project and the possessor of the contracts of sale of heat and power to all the associated consumers. The company intends to continue to own and operate the system in this way for the foreseeable future and to make use of the expertise and experience gained in the course of this project by replicating the system where it can be shown to be economically viable - see section 4.6 below.

4.6 Economic viability 

It can be seen from paragraph 4.4 above that the project has demonstrated the present marginal economic viability of installations of this nature. After taking account of all financing costs and making appropriate allowances for depreciation the interests in the project owned by Conservation Engineering Limited can be shown to have the potential to make only small distributions of profits to its shareholders in the medium term future (ten to fifteen years). Consumers connected to the system are, however, enjoying immediate economic benefits in the form of savings in energy costs ranging from 5% to 25%.

There are two, somewhat interrelated, factors that have a major influence on the economic viability of projects of this nature. They are energy costs and legislation governing the sale of electricity.

These projects are very sensitive to energy costs because they represent long term investments that involve the generation of very substantial quantities of heat and power. They are currently operating on the basis of small margins on large turnovers. It is clear, therefore, that a relatively small increase in energy costs, particularly electricity tariffs, will result in a significant increase in the number of economically viable installations.

The other critical economic factor, legislation governing the sale of electricity, is equally important because these projects involve the bringing together of groups of buildings to create a heat and power load that matches the output from a CHP unit. Under present legislation, the sale of electricity from these units at commercially viable rates by operators other than the ESB is restricted to one customer per installation. As a result of this legislation, these projects are only viable on sites were a single customer exists that has an electricity demand that matches the output from the CHP unit. It is interesting to note that this legislation is currently imposing a limit on the number of commercially viable installations of this nature throughout the Republic of Ireland to something of the order of five to ten.

The amendment of this legislation to enable operators other than the ESB to sell electricity from these units to more than one customer at each site will greatly increase the number of economically viable installations. It is probable that an amendment of this nature would result in something of the order of twenty similar installations becoming commercially viable resulting in annual savings in primary energy consumption of approximately 150,000 MWh and annual reductions in associated CO2 emissions of approximately 60,000 tonnes.

5. Publicity, Commercialisation and Other Developments
5.1 Publicity

The project has been the subject of a number of articles published in related professtional, technical and commercial journals in Ireland. It was also the subject of considerable publicity associated with the official launch of the project in September 1997.

5.2 Outlook

Very significant reductions in primary energy consumption and associated CO2 emissions can be expected through the application of these technologies if energy prices increase or the necessary changes are made to the legislation governing the sale of electricity from these installations.

5.3 Lessons Learnt/Conclusions

This was an extremely complex ground breaking project that required the support and co-operation of ten major participants - Dublin Corporation, Temple Bar Properties Ltd., the Electricity Supply Board, the Power Procurer, Bord Gais Eireann, Christchurch Cathedral and the owners of Jury’s Christchurch Inn, USIT (owners of Harding Hotel and Kinlay House), the Parliament Hotel and the Handel Hotel. It required the planning and execution of the following three parallel complex exercises:

5.3.1 Negotiation and implementation of a number of related agreements and contracts

This involved the putting in place of agreements with the above parties covering access for construction and operation of new plant, arrangements for purchasing gas and electricity and for selling heat and power. The absence of tried and tested examples of these arrangements presented major difficulties because of the lack of model or reference documentation. As a result, almost all of the associated agreements were drafted from scratch and therefore were the subject of extensive discussion and negotiation. It was clear throughout this exercise that there was a very considerable amount of good will towards this project because of its very demonstrable environmental benefits. This was without doubt a, or possibly the, most important factor leading to the success of the project.

The existence of the contracts that were developed for this project and the continued enthusiasm of the parties involved for the project should be of major benefit to those planning and/or implementing similar projects in the future.

5.3.2 Securing finance for the project

The lack of existing precedents for financing a project of this nature gave rise to major difficulties on a number of occasions. Almost all the institutions that were approached in connection with the financing of the project expressed a great deal of initial enthusiasm. They were clearly attracted by the existence of back-to-back contracts with major customers and the fact that the project was virtually inflation proof. They were also clearly impressed by the existence of the THERMIE contract and were enthusiastic about being associated with an environmentally attractive project. The subsequent negotiations with these institutions followed what proved to be an almost standard pattern. The initial enthusiasm was followed by an almost insatiable demand for extensive, highly detailed, submissions. This was followed by a series of lengthy meetings and discussions as the proposal ascended through the internal review procedures until it was eventually rejected. The reasons for rejection included the lack of precedent, the lack of security and concern about delays with the payment of the THERMIE grant. There was also some concern about the technical viability of the project.

The successful completion of this project should provide a much improved case for securing finance for similar projects in the future.

5.3.3 Designing and installing associated plant and equipment

Again, the major problem here was lack of experience in designing and installing installations of this nature. These were overcome by adopting a team approach to bring together and build on the experience and expertise all of the contractors and consultants involved. The existence of the THERMIE grant, particularly the associated publicity, and the environmental benefits of the project were important factors in motivating this team. The main technical problems that emerged in the course of the project are described in section 3.3 above for the information of interested parties.

The best way for interested organisations to avail of the lessons learned, data collected and experience gained in the course of this project is for them to contact the project and installation managers, Conservation Engineering Consultants Limited, directly.

5.4 Patent Activity

There has been no patent activity associated with this project.

5.5 Commercialisation

The project has served as a basis for the establishment of a company that is currently specialising in area of commercial BOO (Build Own and Operate) contracts for the supply, installation and operation of similar systems elsewhere in Ireland.
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Civic Offices CHP project - projections for 1997/98

Tariffs (May 1997 to April 1998)

First 500

Next 2000

Balance

ESB Day 1

p/kWh

5.74

ESB Day 2

p/kWh

3.68

ESB Night

p/kWh

2.35

ESB Demand (Winter)

£/kW

ESB Demand (Summer)

£/kW

ESB Capacity

£/kW

Power Procurer Day

p/kWh

1.88

Power Procurer Night

p/kWh

1.61

Power Procurer weekend

p/kWh

1.61

BGE (Dublin Corporation)

p/kWh

1.433

BGE (Hotels)

p/kWh

1.398

BGE (Apartments, consumption)

p/kWh

2.74

BGE (Apartments, meter charge)

£/month

3.2850000000000006

BGE (CEL)

p/kWh

0.87

Efficiencies

10kV transformers

98.5

%

Net/Gross (Gas, non-condensing)

89.0

%

Combustion efficiency

85.0

%

Line losses

4.0

%

Discounts

Dublin Corporation (Electricity)

8.0

%

Dublin Corporation (Heat)

5.0

%

Jurys

0.0

%

Harding

25.0

%

Kinlay

25.0

%

Handel

25.0

%

Parliament

10.0

%

Apartments

0.0

%

Electrical load (kW) - including CHP auxiliaries

(09/09/97)

(14/09/97)

(04/10/97)

(02/11/97)

(02/11/97)

(02/11/97)

(02/11/97)

(02/11/97)

(02/11/97)

(09/09/97)

(02/11/97)

(09/09/97)

(14/09/97)

(14/09/97)

(14/09/97)

Sep

Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

No of days

21.428571428571427

8.571428571428571

22.142857142857142

8.857142857142858

21.428571428571427

8.571428571428571

22.142857142857142

8.857142857142858

22.142857142857142

8.857142857142858

20.0

8.0

22.142857142857142

8.857142857142858

21.428571428571427

8.571428571428571

22.142857142857142

8.857142857142858

21.428571428571427

8.571428571428571

22.142857142857142

8.857142857142858

22.142857142857142

8.857142857142858

0.041666666666666664

425.0

600.0

420.0

600.0

420.0

600.0

420.0

0.08333333333333333

425.0

584.0

420.0

584.0

420.0

584.0

420.0

0.125

425.0

568.0

420.0

568.0

420.0

568.0

420.0

0.16666666666666666

425.0

568.0

420.0

568.0

420.0

568.0

420.0

0.20833333333333331

425.0

556.0

420.0

556.0

420.0

556.0

420.0

0.24999999999999997

776.0

425.0

776.0

420.0

776.0

420.0

776.0

420.0

0.29166666666666663

884.0

425.0

884.0

425.0

884.0

425.0

884.0

425.0

0.3333333333333333

948.0

430.0

741.8181818181819

385.0

741.8181818181819

385.0

741.8181818181819

385.0

741.8181818181819

385.0

741.8181818181819

385.0

741.8181818181819

948.0

430.0

948.0

430.0

948.0

430.0

0.375

1120.0

435.0

1105.4545454545455

395.0

1105.4545454545455

395.0

1105.4545454545455

395.0

1105.4545454545455

395.0

1105.4545454545455

395.0

1105.4545454545455

1120.0

435.0

1400.0

435.0

1400.0

435.0

0.4166666666666667

1200.0

440.0

1175.2727272727273

400.0

1175.2727272727273

400.0

1175.2727272727273

400.0

1175.2727272727273

400.0

1175.2727272727273

400.0

1175.2727272727273

1200.0

440.0

1500.0

440.0

1500.0

440.0

0.45833333333333337

1144.0

440.0

1185.8181818181818

375.0

1185.8181818181818

375.0

1185.8181818181818

375.0

1185.8181818181818

375.0

1185.8181818181818

375.0

1185.8181818181818

1144.0

440.0

1430.0

440.0

1430.0

440.0

0.5

1136.0

440.0

1177.090909090909

380.0

1177.090909090909

380.0

1177.090909090909

380.0

1177.090909090909

380.0

1177.090909090909

380.0

1177.090909090909

1136.0

440.0

1420.0

440.0

1420.0

440.0

0.5416666666666666

1196.0

440.0

1108.3636363636363

400.0

1108.3636363636363

400.0

1108.3636363636363

400.0

1108.3636363636363

400.0

1108.3636363636363

400.0

1108.3636363636363

1196.0

440.0

1495.0

440.0

1495.0

440.0

0.5833333333333333

1136.0

440.0

1102.5454545454545

410.0

1102.5454545454545

410.0

1102.5454545454545

410.0

1102.5454545454545

410.0

1102.5454545454545

410.0

1102.5454545454545

1136.0

440.0

1420.0

440.0

1420.0

440.0

0.6249999999999999

1124.0

440.0

1157.8181818181818

395.0

1157.8181818181818

395.0

1157.8181818181818

395.0

1157.8181818181818

395.0

1157.8181818181818

395.0

1157.8181818181818

1124.0

440.0

1405.0

440.0

1405.0

440.0

0.6666666666666665

1116.0

440.0

1069.090909090909

400.0

1069.090909090909

400.0

1069.090909090909

400.0

1069.090909090909

400.0

1069.090909090909

400.0

1069.090909090909

1116.0

440.0

1395.0

440.0

1395.0

440.0

0.7083333333333331

1072.0

440.0

1097.090909090909

380.0

1097.090909090909

380.0

1097.090909090909

380.0

1097.090909090909

380.0

1097.090909090909

380.0

1097.090909090909

1072.0

440.0

1340.0

440.0

1340.0

440.0

0.7499999999999998

872.0

440.0

772.3636363636365

395.0

772.3636363636365

395.0

772.3636363636365

395.0

772.3636363636365

395.0

772.3636363636365

395.0

772.3636363636365

872.0

440.0

1090.0

440.0

1090.0

440.0

0.7916666666666664

708.0

440.0

617.4545454545455

400.0

617.4545454545455

400.0

617.4545454545455

400.0

617.4545454545455

400.0

617.4545454545455

400.0

617.4545454545455

708.0

440.0

885.0

440.0

885.0

440.0

0.833333333333333

720.0

440.0

627.6363636363637

385.0

627.6363636363637

385.0

627.6363636363637

385.0

627.6363636363637

385.0

627.6363636363637

385.0

627.6363636363637

720.0

440.0

720.0

440.0

720.0

440.0

0.8749999999999997

716.0

375.0

571.5324675324675

385.0

571.5324675324675

385.0

571.5324675324675

385.0

571.5324675324675

385.0

571.5324675324675

385.0

571.5324675324675

716.0

420.0

716.0

420.0

716.0

420.0

0.9166666666666663

712.0

425.0

712.0

420.0

712.0

420.0

712.0

420.0

0.9583333333333329

660.0

425.0

660.0

420.0

660.0

420.0

660.0

420.0

0.9999999999999996

344.0

425.0

344.0

375.0

344.0

620.0

420.0

620.0

420.0

620.0

420.0

Heating loads (kWh(h)/Day)

(Note - Non-heating gas consumption in CO taken to be 12,500 kWh/mon (Aug '97))

Sep

Oct

Nov

Dec

Jan

Feb

Mar (as Oct)

Apr (as Oct)

May (as Sept)

Jun

Jul

Aug

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

Heat CO

2858.566666666667

0.0

9694.0

0.0

11474.602222222222

0.0

9742.524731182797

0.0

10035.287499999999

0.0

7403.539393939394

0.0

9694.0

0.0

9694.0

0.0

2858.566666666667

0.0

2784.144623655914

0.0

2709.7225806451615

0.0

2709.7225806451615

0.0

Jurys

2535.4

2535.4

2919.4387096774194

2919.4387096774194

4029.855555555556

4029.855555555556

5145.666666666666

5145.666666666666

5625.440860215054

5625.440860215054

3639.0

3639.0

2919.4387096774194

2919.4387096774194

2919.4387096774194

2919.4387096774194

2535.4

2535.4

2115.2903225806454

2115.2903225806454

2115.2903225806454

2115.2903225806454

2115.2903225806454

2115.2903225806454

Harding

982.1666666666666

982.1666666666666

956.0645161290323

956.0645161290323

1001.7

1001.7

1521.3225806451612

1521.3225806451612

1205.7096774193549

1205.7096774193549

1152.0

1152.0

956.0645161290323

956.0645161290323

956.0645161290323

956.0645161290323

982.1666666666666

982.1666666666666

1022.4666666666667

1022.4666666666667

862.741935483871

862.741935483871

850.4193548387096

850.4193548387096

Kinlay

489.96666666666664

489.96666666666664

795.6774193548387

795.6774193548387

912.1666666666666

912.1666666666666

964.8709677419355

964.8709677419355

1184.6774193548388

1184.6774193548388

779.0

779.0

795.6774193548387

795.6774193548387

795.6774193548387

795.6774193548387

489.96666666666664

489.96666666666664

605.9666666666667

605.9666666666667

443.16129032258067

443.16129032258067

391.93548387096774

391.93548387096774

Handel

617.1

617.1

912.8709677419355

912.8709677419355

1319.4666666666667

1319.4666666666667

1630.032258064516

1630.032258064516

1611.5806451612902

1611.5806451612902

1268.0

1268.0

912.8709677419355

912.8709677419355

912.8709677419355

912.8709677419355

617.1

617.1

679.4

679.4

526.2258064516129

526.2258064516129

505.4193548387097

505.4193548387097

Parliament

547.3333333333334

547.3333333333334

1042.4516129032259

1042.4516129032259

1032.5

1032.5

1188.1612903225807

1188.1612903225807

1216.9032258064517

1216.9032258064517

898.0

898.0

1042.4516129032259

1042.4516129032259

1042.4516129032259

1042.4516129032259

547.3333333333334

547.3333333333334

604.3666666666667

604.3666666666667

417.741935483871

417.741935483871

359.7741935483871

359.7741935483871

Apartments

605.9666666666667

605.9666666666667

605.9666666666667

605.9666666666667

912.1666666666666

912.1666666666666

1348.5683340501992

1348.5683340501992

888.8070437275778

888.8070437275778

1278.6857777777777

1278.6857777777777

605.9666666666667

605.9666666666667

605.9666666666667

605.9666666666667

605.9666666666667

489.96666666666664

605.9666666666667

605.9666666666667

443.16129032258067

443.16129032258067

391.93548387096774

391.93548387096774

Line loss

225.33827956989248

225.33827956989248

225.33827956989248

225.33827956989248

368.3142222222222

368.3142222222222

405.1456444444445

405.1456444444445

405.1456444444445

405.1456444444445

368.3142222222222

368.3142222222222

296.82625089605733

296.82625089605733

225.33827956989248

225.33827956989248

225.33827956989248

226.4773333333333

225.33827956989248

225.33827956989248

192.33290322580643

192.33290322580643

184.5909677419355

184.5909677419355

Electricity consumption - adjusted for CHP auxiliaries

Highest chargeable MD

1521.0

(Aug '97)

MD kW

1417.0

1417.0

1184.0

1184.0

1136.0

1136.0

1160.8181818181818

1160.8181818181818

1175.0

1175.0

1521.0

1521.0

Day 1 kWh

495950.0

414400.0

397600.0

406286.3636363636

411250.0

532350.0

2657836.3636363633

Day 2 kWh

244533.57142857148

271721.706864564

266044.0630797774

279281.7717996289

324096.4285714285

351991.4285714285

1737668.970315399

Night kWh

281252.14285714284

203325.71428571432

204988.57142857136

195800.00000000012

302376.4285714285

310664.28571428556

1498407.1428571427

Capacity kW

1521.0

1521.0

1521.0

1521.0

1521.0

1521.0

Charged MD kW

1417.0

1184.0

1136.0

1160.8181818181818

1175.0

1521.0

Electricity costs

MD

7005.65

8290.8

7993.200000000001

5865.640909090909

5928.75

7468.45

42552.490909090906

Capacity

2076.25

2076.25

2076.25

2076.25

2076.25

2076.25

12457.5

Day 1

28467.53

23786.56

22822.24

23320.83727272727

23605.75

30556.89

152559.80727272725

Day 2

8998.83542857143

9999.358812615956

9790.42152133581

10277.569202226345

11926.74857142857

12953.284571428569

63946.21810760668

Night

6609.425357142857

4778.154285714287

4817.231428571427

4601.300000000003

7105.84607142857

7300.610714285711

35212.56785714286

Total

53157.69078571429

48931.123098330245

47499.34294990724

46141.59738404453

50643.34464285714

60355.48528571427

306728.58414656774

Gas consumption (kWh(g)/Day)

Sep

Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

Heat CO

3778.673716677683

0.0

12814.276272306677

0.0

15168.013512521115

0.0

12878.420001563512

0.0

13265.41639127561

0.0

9786.568927877588

0.0

12814.276272306677

0.0

12814.276272306677

0.0

3778.673716677683

0.0

3680.2969248591066

0.0

3581.920133040531

0.0

3581.920133040531

0.0

Jurys

3351.4871116986124

3351.4871116986124

3859.1390742596427

3859.1390742596427

5326.973635896306

5326.973635896306

6801.938753029302

6801.938753029302

7436.141256067488

7436.141256067488

4810.310641110377

4810.310641110377

3859.1390742596427

3859.1390742596427

3859.1390742596427

3859.1390742596427

3351.4871116986124

3351.4871116986124

2796.1537641515474

2796.1537641515474

2796.1537641515474

2796.1537641515474

2796.1537641515474

2796.1537641515474

Harding

1298.303591099361

1298.303591099361

1263.799756945185

1263.799756945185

1324.124256444151

1324.124256444151

2011.0014284800545

2011.0014284800545

1593.7999701511633

1593.7999701511633

1522.802379378718

1522.802379378718

1263.799756945185

1263.799756945185

1263.799756945185

1263.799756945185

1298.303591099361

1298.303591099361

1351.5752368363078

1351.5752368363078

1140.4387779033325

1140.4387779033325

1124.1498411615462

1124.1498411615462

Kinlay

647.6756994932805

647.6756994932805

1051.7877321280089

1051.7877321280089

1205.7721965190572

1205.7721965190572

1275.4408033601262

1275.4408033601262

1565.997910581413

1565.997910581413

1029.7422339722407

1029.7422339722407

1051.7877321280089

1051.7877321280089

1051.7877321280089

1051.7877321280089

647.6756994932805

647.6756994932805

801.0134390834986

801.0134390834986

585.8047459650769

585.8047459650769

518.0905272583843

518.0905272583843

Handel

815.7303370786518

815.7303370786518

1206.7031959576148

1206.7031959576148

1744.1727252698834

1744.1727252698834

2154.70225785131

2154.70225785131

2130.31149393429

2130.31149393429

1676.140118968936

1676.140118968936

1206.7031959576148

1206.7031959576148

1206.7031959576148

1206.7031959576148

815.7303370786518

815.7303370786518

898.0832782551223

898.0832782551223

695.6058247873272

695.6058247873272

668.1022535871906

668.1022535871906

Parliament

723.5073804802821

723.5073804802821

1377.992878920325

1377.992878920325

1364.8380700594846

1364.8380700594846

1570.6031597125987

1570.6031597125987

1608.59646504488

1608.59646504488

1187.0456047587575

1187.0456047587575

1377.992878920325

1377.992878920325

1377.992878920325

1377.992878920325

723.5073804802821

723.5073804802821

798.898435778806

798.898435778806

552.2034837856854

552.2034837856854

475.57725518623545

475.57725518623545

Apartments

801.0134390834986

801.0134390834986

801.0134390834986

801.0134390834986

1205.7721965190572

1205.7721965190572

1782.641551950032

1782.641551950032

1174.893646698715

1174.893646698715

1690.2654035396931

1690.2654035396931

801.0134390834986

801.0134390834986

801.0134390834986

801.0134390834986

801.0134390834986

647.6756994932805

801.0134390834986

801.0134390834986

585.8047459650769

585.8047459650769

518.0905272583843

518.0905272583843

Gas consumption (kWh(g)/Month)

Heat CO

80971.5796430932

283744.6888867907

325028.8609825953

285165.0143203349

293734.22009253135

195731.37855755177

283744.6888867907

274591.6344065716

83670.63229786298

78863.50553269514

79313.94580304032

79313.94580304032

2343874.0952128978

Jurys

100544.61335095836

119633.31130204893

159809.20907688918

210860.10134390835

230520.37893809215

134688.69795109055

119633.31130204893

115774.17222778927

103896.10046265698

83884.61292454641

86680.76668869797

86680.76668869797

1552606.042257425

Harding

38949.10773298083

39177.792465300736

39723.72769332452

62341.04428288169

49407.79907468606

42638.4666226041

39177.792465300736

37913.99270835555

40247.411324080196

40547.25710508923

35353.602115003305

34848.64507600793

500326.6386656149

Kinlay

19430.270984798415

32605.419695968274

36173.165895571714

39538.66490416391

48545.9352280238

28832.78255122274

32605.419695968274

31553.631963840264

20077.946684291695

24030.403172504957

18159.947124917384

16060.806345009914

347614.39424628136

Handel

24471.910112359554

37407.79907468606

52325.1817580965

66795.76999339061

66039.65631196299

46931.9233311302

37407.79907468606

36201.09587872844

25287.640449438208

26942.49834765367

21563.780568407143

20711.169861202907

462086.2247617423

Parliament

21705.221414408465

42717.77924653007

40945.142101784535

48688.69795109056

49866.49041639128

33237.27693324521

42717.77924653007

41339.78636760975

22428.728794888746

23966.953073364177

17118.30799735625

14742.894910773299

399475.05845397245

Apartments

24030.403172504957

24831.41661158846

36173.165895571714

55261.88811045099

36421.703047660165

47327.43129911141

24831.41661158846

24030.403172504957

23473.282346646523

24030.403172504957

18159.947124917384

16060.806345009914

354632.26691005996

Totals

310103.1064111038

580118.2072829133

690178.4534038334

768651.180906221

774536.1831093478

529387.957245956

580118.2072829133

561404.7167253998

319081.74235986534

302265.6333283585

276350.2974223398

268419.0350297423

5960614.720507993

Gas costs

No of apts

53.0

Heat CO

1160.3227362855255

4066.061391747711

4657.663577880591

4086.414655210399

4209.211373925975

2804.830654729717

4066.061391747711

3934.898121046171

1199.0001608283765

1130.1140342835215

1136.5688433575679

1136.5688433575679

33587.71578440083

Jurys

1405.6136946463978

1672.473692002644

2234.1327428949107

2947.8242167878384

3222.674897554528

1882.9479973562457

1672.473692002644

1618.522927744494

1452.4674844679446

1172.7068886851587

1211.7971183079976

1211.7971183079976

21705.4324707588

Harding

544.508526107072

547.7055386649042

555.3377131526768

871.5277990746858

690.721031064111

596.0857633840053

547.7055386649042

530.0376180628106

562.6588103106411

566.8506543291473

494.24335756774616

487.1840581625909

6994.566408545295

Kinlay

271.6351883674818

455.82376734963646

505.7008592200925

552.7505353602114

678.6721744877727

403.08230006609386

455.82376734963646

441.1197748544868

280.68969464639787

335.94503635161925

253.876060806345

224.53007270323857

4859.649231563012

Handel

342.11730337078654

522.9610310641111

731.5060409781889

933.8048645076008

923.2343952412425

656.1082881692003

522.9610310641111

506.09132038462354

353.52121348314614

376.6561269001983

301.46165234633185

289.5421546596166

6459.965422169158

Parliament

303.4389953734303

597.1945538664904

572.4130865829478

680.6679973562459

697.1335360211501

464.657131526768

597.1945538664904

577.9302134191843

313.55362855254464

335.05800396563114

239.31394580304033

206.1056708526107

5584.661317186534

Apartments

658.4330469266358

680.3808151575238

991.144745538665

1514.1757342263572

997.9546635058886

1296.7716175956527

680.3808151575238

658.4330469266358

643.1679362981148

658.4330469266358

497.58255122273636

440.0660938532717

9716.92411333564

Apartments (Meters)

174.10500000000002

174.10500000000002

174.10500000000002

174.10500000000002

174.10500000000002

174.10500000000002

174.10500000000002

174.10500000000002

174.10500000000002

174.10500000000002

174.10500000000002

174.10500000000002

2089.26

Totals

4860.1744910773305

8716.70578985302

10422.003766248072

11761.270802523339

11593.707071800669

8278.588752827683

8716.70578985302

8441.138022438405

4979.163928587166

4749.8687914419115

4308.948529411766

4169.899011896894

90998.17474795926

CHP Performance

Model

Percentage full load

100.0

70.78323998090227

91.66666666666667

83.33333333333333

75.0

66.66666666666667

58.333333333333336

50.0

Gas consumption (kW(g))

2605.0

1948.0464444846161

2419.812734082397

2234.625468164794

2049.438202247191

1849.063670411985

1648.689138576779

1448.314606741573

Gas consumption (kW(h))

2359.0

1733.7613355913086

2180.6666666666665

2002.3333333333333

1824.0

1645.6666666666667

1467.3333333333333

1289.0

Electrical output

922.0

651.6997966220091

845.0

768.0

691.0

613.3333333333334

535.6666666666666

458.0

Recoverable heat

1185.0

888.4830366029114

1100.6666666666667

1016.3333333333334

932.0

846.0

760.0

674.0

Radiant cooling

62.0

54.15664799618045

59.666666666666664

57.333333333333336

55.0

53.333333333333336

51.666666666666664

50.0

Generator cooling

28.51546391752572

18.969072164948443

26.134020618556672

23.75257731958762

21.37113402061857

18.969072164948443

16.567010309278317

14.164948453608247

DHS power consumption kW

25.0

0.0

CHP power output (gross)

148701.07909863422

148701.07909863422

Sep

Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

0.041666666666666664

600.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

600.0

461.0

600.0

461.0

600.0

461.0

600.0

461.0

0.08333333333333333

584.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

584.0

461.0

584.0

461.0

584.0

461.0

584.0

461.0

0.125

568.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

568.0

461.0

568.0

461.0

568.0

461.0

568.0

461.0

0.16666666666666666

568.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

568.0

461.0

568.0

461.0

568.0

461.0

568.0

461.0

0.20833333333333331

556.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

556.0

461.0

556.0

461.0

556.0

461.0

556.0

461.0

0.24999999999999997

776.0

461.0

776.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

776.0

461.0

776.0

461.0

776.0

461.0

776.0

461.0

0.29166666666666663

884.0

461.0

884.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

550.0

461.0

461.0

461.0

461.0

461.0

884.0

461.0

884.0

461.0

884.0

461.0

884.0

461.0

0.3333333333333333

922.0

461.0

922.0

461.0

741.8181818181819

461.0

741.8181818181819

461.0

741.8181818181819

461.0

741.8181818181819

461.0

741.8181818181819

461.0

741.8181818181819

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

0.375

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

0.4166666666666667

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

0.45833333333333337

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

0.5

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

0.5416666666666666

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

0.5833333333333333

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

0.6249999999999999

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

0.6666666666666665

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

0.7083333333333331

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

922.0

461.0

0.7499999999999998

872.0

461.0

872.0

461.0

772.3636363636365

461.0

772.3636363636365

461.0

772.3636363636365

461.0

772.3636363636365

461.0

772.3636363636365

461.0

772.3636363636365

461.0

872.0

461.0

872.0

461.0

922.0

461.0

922.0

461.0

0.7916666666666664

708.0

461.0

708.0

461.0

617.4545454545455

461.0

617.4545454545455

461.0

617.4545454545455

461.0

617.4545454545455

461.0

617.4545454545455

461.0

617.4545454545455

461.0

708.0

461.0

708.0

461.0

885.0

461.0

885.0

461.0

0.833333333333333

720.0

461.0

720.0

461.0

627.6363636363637

461.0

627.6363636363637

461.0

627.6363636363637

461.0

627.6363636363637

461.0

627.6363636363637

461.0

627.6363636363637

461.0

720.0

461.0

720.0

461.0

720.0

461.0

720.0

461.0

0.8749999999999997

716.0

461.0

716.0

461.0

571.5324675324675

461.0

571.5324675324675

461.0

571.5324675324675

461.0

571.5324675324675

461.0

571.5324675324675

461.0

571.5324675324675

461.0

716.0

461.0

716.0

461.0

716.0

461.0

716.0

461.0

0.9166666666666663

712.0

461.0

712.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

712.0

461.0

712.0

461.0

712.0

461.0

712.0

461.0

0.9583333333333329

660.0

461.0

660.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

550.0

461.0

660.0

461.0

660.0

461.0

660.0

461.0

660.0

461.0

0.9999999999999996

620.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

461.0

620.0

461.0

620.0

461.0

620.0

461.0

620.0

461.0

Hrs

24.0

24.0

24.0

24.0

24.0

24.0

24.0

24.0

24.0

24.0

24.0

24.0

24.0

24.0

24.0

24.0

24.0

24.0

24.0

24.0

24.0

24.0

24.0

24.0

CHP energy output

Electricity

Day kWh

684681.4285714285

647288.6549165121

626066.0760667904

647288.654916512

684681.4285714285

705958.5714285714

3995964.814471243

Night kWh

309558.2857142858

253089.0

246571.0

254996.14285714296

325722.5714285715

331062.2857142859

1720999.285714286

Total

994239.7142857143

900377.6549165121

872637.0760667904

902284.7977736549

1010404.0

1037020.8571428573

5716964.100185529

70.78323998090227

%

Heat kWh(h)

1355478.5885135715

1227513.461069284

1189693.8486322733

1230113.5295144988

1377515.8727514788

1413803.4796859769

7794118.780167084

CHP energy consumption

kWh(g)/Mon

1201905.6168996354

283476.52409672923

1193651.2164254403

292925.74156662024

1040157.2785853413

283476.52409672923

1074829.1878715195

292925.74156662024

1074829.1878715195

292925.74156662024

976134.1961696575

264578.08915694733

1074829.1878715195

292925.74156662024

1045858.0673246331

283476.52409672923

1241969.1374629568

292925.74156662024

1201905.6168996354

283476.52409672923

1256994.0252376366

292925.74156662024

1256994.0252376366

292925.74156662024

1.708902112036734E7

£/Mon

10456.578867026828

2466.2457596415443

10384.765582901331

2548.4539516295963

9049.368323692468

2466.2457596415443

9351.01393448222

2548.4539516295963

9351.01393448222

2548.4539516295963

8492.36750667602

2301.829375665442

9351.01393448222

2548.4539516295963

9098.965185724308

2466.2457596415443

10805.131495927724

2548.4539516295963

10456.578867026828

2466.2457596415443

10935.84801956744

2548.4539516295963

10935.84801956744

2548.4539516295963

148674.48374719586

Electrical shortfall

Sep

Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

0.041666666666666664

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.08333333333333333

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.125

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.16666666666666666

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.20833333333333331

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.24999999999999997

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.29166666666666663

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.3333333333333333

11.959390862944133

0.0

11.959390862944133

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

11.959390862944133

0.0

11.959390862944133

0.0

11.959390862944133

0.0

11.959390862944133

0.0

0.375

183.95939086294413

0.0

183.95939086294413

0.0

169.41393631748963

0.0

169.41393631748963

0.0

169.41393631748963

0.0

169.41393631748963

0.0

169.41393631748963

0.0

169.41393631748963

0.0

183.95939086294413

0.0

183.95939086294413

0.0

463.95939086294413

0.0

463.95939086294413

0.0

0.4166666666666667

263.95939086294413

0.0

263.95939086294413

0.0

239.23211813567139

0.0

239.23211813567139

0.0

239.23211813567139

0.0

239.23211813567139

0.0

239.23211813567139

0.0

239.23211813567139

0.0

263.95939086294413

0.0

263.95939086294413

0.0

563.9593908629441

0.0

563.9593908629441

0.0

0.45833333333333337

207.95939086294413

0.0

207.95939086294413

0.0

249.7775726811259

0.0

249.7775726811259

0.0

249.7775726811259

0.0

249.7775726811259

0.0

249.7775726811259

0.0

249.7775726811259

0.0

207.95939086294413

0.0

207.95939086294413

0.0

493.95939086294413

0.0

493.95939086294413

0.0

0.5

199.95939086294413

0.0

199.95939086294413

0.0

241.05029995385314

0.0

241.05029995385314

0.0

241.05029995385314

0.0

241.05029995385314

0.0

241.05029995385314

0.0

241.05029995385314

0.0

199.95939086294413

0.0

199.95939086294413

0.0

483.95939086294413

0.0

483.95939086294413

0.0

0.5416666666666666

259.95939086294413

0.0

259.95939086294413

0.0

172.3230272265804

0.0

172.3230272265804

0.0

172.3230272265804

0.0

172.3230272265804

0.0

172.3230272265804

0.0

172.3230272265804

0.0

259.95939086294413

0.0

259.95939086294413

0.0

558.9593908629441

0.0

558.9593908629441

0.0

0.5833333333333333

199.95939086294413

0.0

199.95939086294413

0.0

166.50484540839864

0.0

166.50484540839864

0.0

166.50484540839864

0.0

166.50484540839864

0.0

166.50484540839864

0.0

166.50484540839864

0.0

199.95939086294413

0.0

199.95939086294413

0.0

483.95939086294413

0.0

483.95939086294413

0.0

0.6249999999999999

187.95939086294413

0.0

187.95939086294413

0.0

221.7775726811259

0.0

221.7775726811259

0.0

221.7775726811259

0.0

221.7775726811259

0.0

221.7775726811259

0.0

221.7775726811259

0.0

187.95939086294413

0.0

187.95939086294413

0.0

468.95939086294413

0.0

468.95939086294413

0.0

0.6666666666666665

179.95939086294413

0.0

179.95939086294413

0.0

133.05029995385314

0.0

133.05029995385314

0.0

133.05029995385314

0.0

133.05029995385314

0.0

133.05029995385314

0.0

133.05029995385314

0.0

179.95939086294413

0.0

179.95939086294413

0.0

458.95939086294413

0.0

458.95939086294413

0.0

0.7083333333333331

135.95939086294413

0.0

135.95939086294413

0.0

161.05029995385314

0.0

161.05029995385314

0.0

161.05029995385314

0.0

161.05029995385314

0.0

161.05029995385314

0.0

161.05029995385314

0.0

135.95939086294413

0.0

135.95939086294413

0.0

403.95939086294413

0.0

403.95939086294413

0.0

0.7499999999999998

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

153.95939086294413

0.0

153.95939086294413

0.0

0.7916666666666664

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.833333333333333

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.8749999999999997

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.9166666666666663

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.9583333333333329

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.9999999999999996

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Top-up electricity consumption

Highest chargeable MD

1220.0

(Jul '97)

MD kW

263.95939086294413

263.95939086294413

161.05029995385314

161.05029995385314

161.05029995385314

161.05029995385314

249.7775726811259

249.7775726811259

263.95939086294413

263.95939086294413

563.9593908629441

563.9593908629441

Day 1 kWh

79805.16316171136

76432.12736502071

73926.15597600365

76432.12736502071

79805.16316171136

201347.36040609135

587748.0974355591

Day 2 kWh

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Night kWh

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Capacity kW

1220.0

1180.0

1180.0

1220.0

1220.0

1220.0

Charged MD kW

700.0

712.0

214.0

1160.8181818181818

1175.0

1220.0

Top-up electricity costs

MD

3815.0

5364.4

1733.3999999999999

5865.640909090909

5928.75

6129.0

28836.19090909091

Capacity

1700.0

1650.0

1650.0

1700.0

1700.0

1700.0

10100.0

Day 1

4580.816365482232

4387.204110752189

4243.361353022609

4387.204110752189

4580.816365482232

11557.338487309644

33736.740792801094

Day 2

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Night

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Total

10095.816365482231

11401.604110752189

7626.761353022609

11952.845019843098

12209.566365482231

19386.338487309644

72672.931701892

Electrical surplus

Sep

Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

W/D

W/E

0.041666666666666664

0.0

41.0

41.0

86.0

76.0

76.0

36.0

76.0

36.0

76.0

61.0

76.0

86.0

76.0

86.0

76.0

0.0

76.0

0.0

41.0

0.0

41.0

0.0

41.0

0.08333333333333333

0.0

41.0

41.0

86.0

71.0

71.0

36.0

71.0

36.0

71.0

61.0

71.0

86.0

71.0

86.0

71.0

0.0

71.0

0.0

41.0

0.0

41.0

0.0

41.0

0.125

0.0

41.0

41.0

86.0

86.0

86.0

36.0

86.0

36.0

86.0

61.0

86.0

86.0

86.0

86.0

86.0

0.0

86.0

0.0

41.0

0.0

41.0

0.0

41.0

0.16666666666666666

0.0

41.0

41.0

86.0

71.0

71.0

36.0

71.0

36.0

71.0

61.0

71.0

86.0

71.0

86.0

71.0

0.0

71.0

0.0

41.0

0.0

41.0

0.0

41.0

0.20833333333333331

0.0

41.0

41.0

86.0

91.0

91.0

36.0

91.0

36.0

91.0

61.0

91.0

86.0

91.0

86.0

91.0

0.0

91.0

0.0

41.0

0.0

41.0

0.0

41.0

0.24999999999999997

0.0

41.0

0.0

41.0

86.0

86.0

36.0

86.0

36.0

86.0

11.0

86.0

86.0

86.0

86.0

86.0

0.0

86.0

0.0

41.0

0.0

41.0

0.0

41.0

0.29166666666666663

0.0

36.0

0.0

36.0

91.0

91.0

36.0

91.0

36.0

91.0

0.0

91.0

86.0

91.0

86.0

91.0

0.0

91.0

0.0

36.0

0.0

36.0

0.0

36.0

0.3333333333333333

0.0

31.0

0.0

31.0

0.0

76.0

0.0

76.0

0.0

76.0

0.0

76.0

0.0

76.0

0.0

76.0

0.0

76.0

0.0

31.0

0.0

31.0

0.0

31.0

0.375

0.0

26.0

0.0

26.0

0.0

66.0

0.0

66.0

0.0

66.0

0.0

66.0

0.0

66.0

0.0

66.0

0.0

66.0

0.0

26.0

0.0

26.0

0.0

26.0

0.4166666666666667

0.0

21.0

0.0

21.0

0.0

61.0

0.0

61.0

0.0

61.0

0.0

61.0

0.0

61.0

0.0

61.0

0.0

61.0

0.0

21.0

0.0

21.0

0.0

21.0

0.45833333333333337

0.0

21.0

0.0

21.0

0.0

86.0

0.0

86.0

0.0

86.0

0.0

86.0

0.0

86.0

0.0

86.0

0.0

86.0

0.0

21.0

0.0

21.0

0.0

21.0

0.5

0.0

21.0

0.0

21.0

0.0

81.0

0.0

81.0

0.0

81.0

0.0

81.0

0.0

81.0

0.0

81.0

0.0

81.0

0.0

21.0

0.0

21.0

0.0

21.0

0.5416666666666666

0.0

21.0

0.0

21.0

0.0

61.0

0.0

61.0

0.0

61.0

0.0

61.0

0.0

61.0

0.0

61.0

0.0

61.0

0.0

21.0

0.0

21.0

0.0

21.0

0.5833333333333333

0.0

21.0

0.0

21.0

0.0

51.0

0.0

51.0

0.0

51.0

0.0

51.0

0.0

51.0

0.0

51.0

0.0

51.0

0.0

21.0

0.0

21.0

0.0

21.0

0.6249999999999999

0.0

21.0

0.0

21.0

0.0

66.0

0.0

66.0

0.0

66.0

0.0

66.0

0.0

66.0

0.0

66.0

0.0

66.0

0.0

21.0

0.0

21.0

0.0

21.0

0.6666666666666665

0.0

21.0

0.0

21.0

0.0

61.0

0.0

61.0

0.0

61.0

0.0

61.0

0.0

61.0

0.0

61.0

0.0

61.0

0.0

21.0

0.0

21.0

0.0

21.0

0.7083333333333331

0.0

21.0

0.0

21.0

0.0

81.0

0.0

81.0

0.0

81.0

0.0

81.0

0.0

81.0

0.0

81.0

0.0

81.0

0.0

21.0

0.0

21.0

0.0

21.0

0.7499999999999998

0.0

21.0

0.0

21.0

0.0

66.0

0.0

66.0

0.0

66.0

0.0

66.0

0.0

66.0

0.0

66.0

0.0

66.0

0.0

21.0

0.0

21.0

0.0

21.0

0.7916666666666664

0.0

21.0

0.0

21.0

0.0

61.0

0.0

61.0

0.0

61.0

0.0

61.0

0.0

61.0

0.0

61.0

0.0

61.0

0.0

21.0

0.0

21.0

0.0

21.0

0.833333333333333

0.0

21.0

0.0

21.0

0.0

76.0

0.0

76.0

0.0

76.0

0.0

76.0

0.0

76.0

0.0

76.0

0.0

76.0

0.0

21.0

0.0

21.0

0.0

21.0

0.8749999999999997

0.0

41.0

0.0

86.0

0.0

76.0

0.0

76.0

0.0

76.0

0.0

76.0

0.0

76.0

0.0

76.0

0.0

76.0

0.0

41.0

0.0

41.0

0.0

41.0

0.9166666666666663

0.0

41.0

0.0

86.0

61.0

71.0

36.0

71.0

36.0

71.0

61.0

71.0

61.0

71.0

61.0

71.0

0.0

71.0

0.0

41.0

0.0

41.0

0.0

41.0

0.9583333333333329

0.0

41.0

0.0

86.0

61.0

76.0

36.0

76.0

36.0

76.0

61.0

76.0

61.0

76.0

0.0

76.0

0.0

76.0

0.0

41.0

0.0

41.0

0.0

41.0

0.9999999999999996

0.0

41.0

41.0

86.0

117.0

86.0

36.0

86.0

36.0

86.0

61.0

86.0

117.0

86.0

117.0

86.0

0.0

86.0

0.0

41.0

0.0

41.0

0.0

41.0

Exported electricity

kWh(d)/Day

0.0

370.0

0.0

460.0

61.0

1040.0

36.0

1040.0

36.0

1040.0

61.0

1040.0

61.0

1040.0

61.0

1040.0

0.0

1040.0

0.0

370.0

0.0

370.0

0.0

370.0

kWh(d)/Mon

0.0

3171.4285714285716

0.0

4074.2857142857147

1307.142857142857

8914.285714285714

797.1428571428571

9211.428571428572

797.1428571428571

9211.428571428572

1220.0

8320.0

1350.7142857142858

9211.428571428572

1307.142857142857

8914.285714285714

0.0

9211.428571428572

0.0

3171.4285714285716

0.0

3277.1428571428573

0.0

3277.1428571428573

86744.99999999999

kWh(n)/Day

0.0

364.0

246.0

679.0

750.0

734.0

324.0

734.0

324.0

734.0

438.0

734.0

780.0

734.0

719.0

734.0

0.0

734.0

0.0

364.0

0.0

364.0

0.0

364.0

kWh(n)/Mon

0.0

3120.0

5447.142857142857

6014.0

16071.42857142857

6291.428571428572

7174.285714285714

6501.142857142858

7174.285714285714

6501.142857142858

8760.0

5872.0

17271.428571428572

6501.142857142858

15407.142857142857

6291.428571428572

0.0

6501.142857142858

0.0

3120.0

0.0

3224.0

0.0

3224.0

140467.14285714284

Value of exported electricity

£/Mon

0.0

101.292

87.699

162.4214

283.32428571428574

244.812

130.4922857142857

252.97240000000005

130.4922857142857

252.97240000000005

163.972

228.49120000000002

303.4634285714286

252.97240000000005

272.62928571428574

244.812

0.0

252.97240000000005

0.0

101.292

0.0

104.6684

0.0

104.6684

3676.4195714285715

Heat balance kWh(h)/Day

Requirement

8861.838279569893

6003.271612903225

17151.80817204301

7457.808172043011

21050.772000000004

9576.169777777777

21946.2924731183

12203.767741935502

22173.55201612901

12138.264516129013

16786.539393939394

9382.999999999998

17223.296143369174

7529.296143369175

17151.80817204301

7457.808172043011

8861.838279569893

5888.410666666666

8642.93989247312

5858.7952688172045

7710.378064516129

5000.655483870967

7509.087741935484

4799.365161290323

Production

26399.556375429664

15901.901753925407

25404.3241840403

15901.901753925407

22956.878074526834

15901.901753925407

22956.878074526834

15901.901753925407

22956.878074526834

15901.901753925407

23078.214601970194

15901.901753925407

22956.878074526834

15901.901753925407

23078.214601970194

15901.901753925407

26399.556375429664

15901.901753925407

26399.556375429664

15901.901753925407

26709.032686998686

15901.901753925407

26709.032686998686

15901.901753925407

Shortfall

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Surplus

17537.71809585977

9898.630141022182

8252.51601199729

8444.093581882396

1906.1060745268296

6325.73197614763

1010.585601408533

3698.134011989905

783.3260583978226

3763.6372377963944

6291.6752080308

6518.901753925409

5733.58193115766

8372.605610556231

5926.406429927185

8444.093581882396

17537.71809585977

10013.491087258742

17756.616482956546

10043.106485108203

18998.654622482558

10901.24627005444

19199.944945063202

11102.536592635084

Surplus (kW)

730.7382539941572

412.4429225425909

343.8548338332204

351.8372325784332

79.4210864386179

263.5721656728179

42.107733392022205

154.08891716624603

32.63858576657594

156.81821824151643

262.15313366795

271.6209064135587

238.89924713156915

348.8585671065096

246.93360124696605

351.8372325784332

730.7382539941572

417.2287953024476

739.8590201231895

418.4627702128418

791.6106092701066

454.2185945856017

799.9977060443001

462.6056913597952

Heat shortfall

kWg(g)/Mon

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

£/Mon

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Civic Offices Phase 1

0.87

p/kWh(g)

Expenditure

CHP gas

12922.824626668373

12933.219534530926

11515.614083334012

11899.467886111815

11899.467886111815

10794.196882341463

11899.467886111815

11565.210945365852

13353.585447557321

12922.824626668373

13484.301971197037

13484.301971197037

148674.48374719583

Boiler gas

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

ESB top-up

5047.9081827411155

5047.9081827411155

5700.802055376094

5700.802055376094

3813.3806765113045

3813.3806765113045

5976.422509921549

5976.422509921549

6104.7831827411155

6104.7831827411155

9693.169243654822

9693.169243654822

72672.931701892

Totals

17970.73280940949

17981.127717272044

17216.416138710105

17600.26994148791

15712.84856262312

14607.577558852767

17875.890396033363

17541.633455287403

19458.368630298435

19027.60780940949

23177.47121485186

23177.47121485186

221347.41544908783

Income

CO power

24452.53776142857

24452.53776142857

22508.316625231913

22508.316625231913

21849.69775695733

21849.69775695733

21225.13479666048

21225.13479666048

23295.938535714286

23295.938535714286

27763.523231428564

27763.523231428564

282190.2974148423

CO heat

1102.3065994712492

3862.7583221603254

4424.7803989865615

3882.093922449879

3998.750805229676

2664.5891219932314

3862.7583221603254

3738.153214993863

1139.0501527869576

1073.6083325693453

1079.7404011896895

1079.7404011896895

31908.3299951808

Jurys

1405.6136946463978

1672.473692002644

2234.1327428949107

2947.8242167878384

3222.674897554528

1882.9479973562457

1672.473692002644

1618.522927744494

1452.4674844679446

1172.7068886851587

1211.7971183079976

1211.7971183079976

21705.4324707588

Harding

408.38139458030406

410.77915399867817

416.5032848645076

653.6458493060144

518.0407732980832

447.064322538004

410.77915399867817

397.52821354710795

421.99410773298086

425.1379907468605

370.6825181758096

365.38804362194315

5245.9248064089725

Kinlay

203.72639127561135

341.86782551222734

379.2756444150694

414.56290152015856

509.00413086582955

302.31172504957044

341.86782551222734

330.83983114086516

210.51727098479842

251.95877726371444

190.40704560475876

168.39755452742895

3644.7369236722598

Handel

256.5879775280899

392.2207732980834

548.6295307336418

700.3536483807006

692.425796430932

492.0812161269002

392.2207732980834

379.5684902884677

265.1409101123596

282.49209517514873

226.09623925974887

217.15661599471244

4844.974066626868

Parliament

273.0950958360873

537.4750984798414

515.171777924653

612.6011976206213

627.4201824190351

418.1914183740912

537.4750984798414

520.1371920772658

282.1982656972902

301.55220356906807

215.38255122273628

185.49510376734963

5026.195185467881

Apartments

658.4330469266358

680.3808151575238

991.144745538665

1514.1757342263572

997.9546635058886

1296.7716175956527

680.3808151575238

658.4330469266358

643.1679362981148

658.4330469266358

497.58255122273636

440.0660938532717

9716.92411333564

Cost per apartment

278.1720622415759

Apartments (Meters)

174.105

174.105

174.105

174.105

174.105

174.105

174.105

174.105

174.105

174.105

174.105

174.105

2089.2599999999998

52273.44756627043

P/Procurer

101.292

250.12040000000002

528.1362857142858

383.4646857142858

383.4646857142858

392.46320000000003

556.4358285714286

517.4412857142858

252.97240000000005

101.292

104.6684

104.6684

3676.419571428572

Totals

29036.078961692947

32774.718842037895

32720.196036304205

33791.14378123777

32973.538691975584

29920.22337599102

29853.631305841238

29559.863999093464

28137.55206379473

27737.224870650214

31833.985056412042

31710.33756269096

370048.4945477221

Sep

Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Surplus

11065.346152283459

14793.591124765851

15503.7798975941

16190.87383974986

17260.690129352464

15312.645817138253

11977.740909807875

12018.230543806061

8679.183433496295

8709.617061240726

8656.513841560183

8532.866347839099

148701.07909863422

Overall energy balance

Without CHP

With CHP

Change

%

Gas consumption kWh(g)

5960614.720507993

1.708902112036734E7

1.1128406399859346E7

186.69897186226675

Mains electricity consumption kWh

6121124.619666047

404160.51948051807

-5716964.100185529

-93.39728326748936

Expenditure (by third parties)

397726.758894527

366372.0749762936

-31354.68391823338

-7.883473569991381

Primary energy

2.3963922425408132E7

1.8277728530604158E7

-5686193.894803975

-23.728143472769286

CO2

6089022.6398344375

3741132.639657883

-2347890.0001765545

-38.55939021833551

Annual cost per apartment

250.60296466986028

(Including VAT)

Weekly cost per apartment

4.819287782112697

(Including VAT)

T P Cooper

35854.0

January

February

March

April

May

June

July

August

September

October

November

December

Six Months to end of June

Twelve months

September to December

(97/98 model)

Sales Revenue

97/98 Model

Actual

97/98 Model

Actual

97/98 Model

Actual

97/98 Model

Actual

97/98 Model

Actual

97/98 Model

Actual

97/98 Model

Actual

97/98 Model

Actual

97/98 Model

Actual

97/98 Model

Estimated

97/98 Model

Estimated

97/98 Model

Estimated

97/98 Model

Actual

97/98 Model

EStimated

CO Elect

21849.69775695733

20440.0

21849.69775695733

20440.0

21225.13479666048

23475.0

21225.13479666048

23475.0

23295.938535714286

23270.7652

23295.938535714286

23270.7652

27763.523231428564

23270.77

27763.523231428564

33311.42

24452.53776142857

28291.09

24452.53776142857

24452.53776142857

22508.316625231913

22508.316625231913

22508.316625231913

22508.316625231913

132741.54217866418

134371.5304

282190.29741484224

288713.9814118924

97760.2610118924

CO Heat

3998.750805229676

3111.0

2664.5891219932314

1706.0

3862.7583221603254

1404.0

3738.153214993863

1972.0

1139.0501527869576

1573.0

1073.6083325693453

1650.61

1079.7404011896895

1922.48

1079.7404011896895

1079.69

1102.3065994712492

1102.31

3862.7583221603254

3862.7583221603254

4424.7803989865615

4424.7803989865615

3882.093922449879

3882.093922449879

16476.9099497334

11416.61

31908.329995180797

27690.722643596764

13271.942643596765

CO Gas

0.0

2964.0

0.0

2964.0

0.0

830.0

0.0

1532.0

0.0

1208.0

0.0

470.49

0.0

312.19

0.0

179.18

0.0

419.11

0.0

0.0

0.0

0.0

0.0

0.0

0.0

9968.49

0.0

10878.970000000001

419.11

Jurys

3222.674897554528

0.0

1882.9479973562457

813.0

1672.473692002644

2222.0

1618.522927744494

2045.0

1452.4674844679446

1992.0

1172.7068886851587

2509.928888888889

1211.7971183079976

1861.4577777777777

1211.7971183079976

-1130.5955555555556

1405.6136946463978

1405.61

1672.473692002644

1672.473692002644

2234.1327428949107

2234.1327428949107

2947.8242167878384

2947.8242167878384

11021.793887811016

9581.92888888889

21705.432470758802

18572.831762796504

8260.040651685393

Harding

518.0407732980832

0.0

447.064322538004

115.0

410.77915399867817

295.0

397.52821354710795

388.0

421.99410773298086

397.0

425.1379907468605

425.0

370.6825181758096

370.6844444444444

365.38804362194315

365.38666666666666

408.38139458030406

408.38

410.77915399867817

410.77915399867817

416.5032848645076

416.5032848645076

653.6458493060144

653.6458493060144

2620.5445618617146

1620.0

5245.924806408972

4245.379399280311

1889.3082881692003

Kinlay

509.00413086582955

0.0

302.31172504957044

91.0

341.86782551222734

209.0

330.83983114086516

171.0

210.51727098479842

268.0

251.95877726371444

252.0

190.40704560475876

190.4088888888889

168.39755452742895

168.39999999999998

203.72639127561135

203.73

341.86782551222734

341.86782551222734

379.2756444150694

379.2756444150694

414.56290152015856

414.56290152015856

1946.4995608170054

991.0

3644.7369236722593

2689.245260336344

1339.4363714474553

Handel

692.425796430932

0.0

492.0812161269002

0.0

392.2207732980834

0.0

379.5684902884677

295.0

265.1409101123596

324.0

282.49209517514873

356.6488888888889

226.09623925974887

285.44888888888886

217.15661599471244

274.16

256.5879775280899

332.95

392.2207732980834

392.2207732980834

548.6295307336418

548.6295307336418

700.3536483807006

700.3536483807006

2503.9292814318915

975.6488888888889

4844.974066626868

3509.411730190204

1974.1539524124257

Parliament

627.4201824190351

0.0

418.1914183740912

97.0

537.4750984798414

306.0

520.1371920772658

308.0

282.1982656972902

254.0

301.55220356906807

301.55555555555554

215.38255122273628

215.38666666666666

185.49510376734963

185.49333333333334

273.0950958360873

273.1

537.4750984798414

537.4750984798414

515.171777924653

515.171777924653

612.6011976206213

612.6011976206213

2686.974360616592

1266.5555555555557

5026.195185467881

3605.7836295806715

1938.3480740251157

Apartments

1172.0596635058885

0.0

1470.8766175956528

0.0

854.4858151575238

0.0

832.5380469266358

0.0

817.2729362981148

0.0

832.5380469266358

0.0

671.6875512227364

0.0

614.1710938532717

0.0

832.5380469266358

0.0

854.4858151575238

0.0

1165.249745538665

1165.249745538665

1688.2807342263573

1688.2807342263573

5979.771126410451

0.0

11806.184113335641

2853.5304797650224

2853.5304797650224

Power Procurer

383.4646857142858

325.58

392.46320000000003

325.58

556.4358285714286

325.58

517.4412857142858

325.58

252.97240000000005

325.58

101.292

325.58

104.6684

562.96

104.6684

856.84

101.292

279.0

250.12040000000002

250.12040000000002

528.1362857142858

528.1362857142858

383.4646857142858

383.4646857142858

2204.0694000000003

1953.4799999999998

3676.419571428572

4814.0013714285715

1440.7213714285717

Totals

32973.538691975584

26840.58

29920.22337599102

26551.58

29853.631305841238

29066.58

29559.863999093464

30511.58

28137.55206379473

29612.345200000003

27737.224870650214

29562.578533333337

31833.985056412046

28991.78666666666

31710.33756269096

35289.974444444444

29036.078961692947

32715.280000000002

32774.718842037895

31920.23302688037

32720.196036304205

32720.196036304205

33791.14378123777

33791.14378123777

178182.03430734624

172240.22

370048.4945477221

367668.8328444224

131146.85284442233

97/98 Model - Actual

6132.958691975582

3368.643375991018

787.0513058412362

-951.7160009065374

-1474.7931362052732

-1825.3536626831228

2842.1983897453865

-3579.636881753486

-3679.2010383070556

854.4858151575245

0.0

0.0

5941.814307346242

2379.661703299731

97/98 Model - Actual

9501.6020679666

-164.6646950653012

-3300.146798888396

-737.4384920080993

-2824.715223149531

0.0

Cost of Sales

Electricity

3813.3806765113045

17769.1

3813.3806765113045

17769.1

5976.422509921549

10740.0

5976.422509921549

10740.0

6104.7831827411155

9543.285

6104.7831827411155

9543.285

9693.169243654822

9543.285

9693.169243654822

11389.715

5047.9081827411155

10466.5

5047.9081827411155

5047.9081827411155

5700.802055376094

5700.802055376094

5700.802055376094

5700.802055376094

31789.172738347937

76104.77

72672.931701892

123953.7822934933

26916.012293493302

Gas

11899.467886111815

4542.76

10794.196882341463

8052.135

11899.467886111815

8052.135

11565.210945365852

11229.5

13353.585447557321

11098.45

12922.824626668373

12736.912222222223

13484.301971197037

11840.47

13484.301971197037

13625.047216

12922.824626668373

11077.49998896

12933.219534530926

12933.219534530926

11515.614083334012

11515.614083334012

11899.467886111815

11899.467886111815

72434.75367415664

55711.89222222222

148674.48374719586

128603.21093115899

47425.80149293676

Totals

15712.84856262312

22311.86

14607.577558852767

25821.235

17875.890396033363

18792.135000000002

17541.633455287403

21969.5

19458.368630298435

20641.735

19027.60780940949

22280.197222222225

23177.47121485186

21383.754999999997

23177.47121485186

25014.762216000003

17970.73280940949

21543.99998896

17981.127717272044

17981.127717272044

17216.416138710105

17216.416138710105

17600.26994148791

17600.26994148791

104223.92641250457

124012.04

221347.41544908783

244762.38378643003

74341.81378643005

97/98 Model - Actual

-6599.011437376881

-11213.657441147234

-916.2446039666393

-4427.866544712597

-1183.3663697015654

-3252.5894128127366

1793.7162148518619

-1837.2910011481436

-3573.267179550512

0.0

0.0

0.0

-19788.11358749542

-23414.9683373422

97/98 Model - Actual

-17812.668878524113

-5344.111148679236

-4435.955782514302

-43.57478629628167

-3573.267179550512

0.0

Margin on sales

17260.690129352464

4528.720000000001

15312.645817138253

730.3450000000012

11977.740909807875

10274.445

12018.230543806061

8542.080000000002

8679.183433496295

8970.610200000003

8709.617061240726

7282.381311111112

8656.513841560187

7608.031666666662

8532.866347839099

10275.212228444441

11065.346152283459

11171.280011040002

14793.591124765851

13939.105309608327

15503.7798975941

15503.7798975941

16190.87383974986

16190.87383974986

73958.10789484167

48228.18000000001

148701.07909863428

122906.44905799234

Margin % of sales

52.34709653275101

16.872660724917274

51.17824698269341

2.750664932181065

40.12155434995367

35.347966633845466

40.657259262676696

27.99619029889636

30.845552640181555

30.293481112059986

31.4004631027695

24.633782546741823

27.192680483515463

26.242024177882097

26.908784338765628

29.116519323697116

38.108954610854575

34.146979671395144

45.137202232200764

43.66855748787942

47.38290650946013

47.38290650946013

47.91454809748019

47.91454809748019

41.50705102360168

28.000533208794096

40.18421403940005

33.4285743251998

Operating costs

Maintenance

3583.3333333333335

0.0

3583.3333333333335

0.0

3583.3333333333335

3583.3333333333335

3583.3333333333335

3583.3333333333335

3583.3333333333335

3583.3333333333335

3583.3333333333335

3583.3333333333335

3583.3333333333335

3583.3333333333335

3583.3333333333335

3583.3333333333335

3583.3333333333335

3583.3333333333335

3583.3333333333335

3583.3333333333335

3583.3333333333335

3583.3333333333335

3583.3333333333335

3583.3333333333335

21500.0

14333.333333333334

43000.0

35833.33333333333

Insurances

333.3333333333333

333.3333333333333

333.3333333333333

333.3333333333333

333.3333333333333

333.3333333333333

333.3333333333333

333.3333333333333

333.3333333333333

333.3333333333333

333.3333333333333

333.3333333333333

333.3333333333333

333.3333333333333

333.3333333333333

333.3333333333333

333.3333333333333

333.3333333333333

333.3333333333333

333.3333333333333

333.3333333333333

333.3333333333333

333.3333333333333

333.3333333333333

1999.9999999999998

1999.9999999999998

4000.0000000000005

4000.0000000000005

Management fee

1666.6666666666667

2708.3333333333335

1666.6666666666667

2708.3333333333335

1666.6666666666667

2708.3333333333335

1666.6666666666667

2708.3333333333335

1666.6666666666667

2708.3333333333335

1666.6666666666667

2708.3333333333335

1666.6666666666667

2708.3333333333335

1666.6666666666667

2708.3333333333335

1666.6666666666667

2708.3333333333335

1666.6666666666667

2708.3333333333335

1666.6666666666667

2708.3333333333335

1666.6666666666667

2708.3333333333335

10000.0

16250.000000000002

20000.0

32499.999999999996

Financial Admin

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

5000.0

5000.0

10000.0

10000.0

Sundries

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

833.3333333333334

5000.0

0.0

10000.0

0.0

Totals

7250.0

3875.0000000000005

7250.0

3875.0000000000005

7250.0

7458.333333333333

7250.0

7458.333333333333

7250.0

7458.333333333333

7250.0

7458.333333333333

7250.0

7458.333333333333

7250.0

7458.333333333333

7250.0

7458.333333333333

7250.0

7458.333333333333

7250.0

7458.333333333333

7250.0

7458.333333333333

43500.0

37583.333333333336

87000.0

82333.33333333333

Operating profit

10010.690129352464

653.7200000000007

8062.645817138253

-3144.6549999999993

4727.740909807875

2816.1116666666667

4768.230543806061

1083.7466666666687

1429.183433496295

1512.2768666666698

1459.617061240726

-175.95202222222088

1406.5138415601868

149.69833333332917

1282.866347839099

2816.8788951111082

3815.3461522834587

3712.946677706669

7543.591124765851

6480.771976274994

8253.7798975941

8045.446564260767

8940.87383974986

8732.540506416528

30458.107894841676

2745.2481777777857

61701.079098634225

32683.531130881183

Cumulative figures

10010.690129352464

653.7200000000007

18073.33594649072

-2490.9349999999986

22801.076856298594

325.1766666666681

27569.307400104655

1408.9233333333368

28998.49083360095

2921.2002000000066

30458.107894841676

2745.2481777777857

31864.621736401863

2894.946511111115

33147.48808424096

5711.825406222223

36962.83423652442

9424.772083928892

44506.42536129027

15905.544060203887

52760.205258884365

23950.990624464655

61701.079098634225

32683.531130881183

T P Cooper

35854.0

Standard Systems

Electricity

Gas

Primary Energy

Cost

MWh

MWh

MWh

tonnes

(Excl VAT)

Civic Offices

6034.379619666048

2343.874095212898

20092.04944717186

5296.278514775418

343992.7195023971

Jurys

0.0

1552.6060422574249

1552.6060422574249

310.521208451485

21705.4324707588

Harding

0.0

500.3266386656149

500.3266386656149

100.06532773312298

6994.566408545295

Kinlay

0.0

347.61439424628134

347.61439424628134

69.52287884925627

4859.649231563012

Handel

0.0

462.0862247617423

462.0862247617423

92.41724495234847

6459.965422169158

Parliament

0.0

399.47505845397245

399.47505845397245

79.89501169079449

5584.661317186534

Apartments

268.27930991746035

0.0

789.0567938748833

214.6234479339683

18779.551694222224

7.0

p/kWh(Domestic Electricity)

Conventional

This project

Totals

6302.658929583508

5605.982453597934

24143.214599431776

6163.323634386394

408376.5460468421

Energy (MWh)

24143.214599431776

18149.42098677445

CO2 (tonnes)

6163.323634386394

3706.2329877362017

With CHP unit

IR£100s

4083.765460468421

2213.4741544908784

Electricity

Gas

Primary Energy

Cost

MWh

MWh

MWh

tonnes

(Excl VAT)

CHP unit

0.0

17089.021120367343

17089.021120367343

3417.8042240734685

148674.48374719586

Civic Offices

360.5359545784163

0.0

1060.3998664071066

288.42876366273305

72672.931701892

Jurys

0.0

0.0

0.0

0.0

0.0

Harding

0.0

0.0

0.0

0.0

0.0

Kinlay

0.0

0.0

0.0

0.0

0.0

Handel

0.0

0.0

0.0

0.0

0.0

Parliament

0.0

0.0

0.0

0.0

0.0

Apartments

0.0

0.0

0.0

0.0

0.0

Totals

360.5359545784163

17089.021120367343

18149.42098677445

3706.2329877362017

221347.41544908786

Savings

Electricity

Gas

Primary Energy

Gross saving

MWh

MWh

MWh

tonnes

IR£ (Excl VAT)

5942.122975005092

-11483.038666769407

5993.793612657326

2457.090646650192

187029.13059775427

0.9427962136922675

-2.048354371747911

0.24825996505032072

0.39866325255769475

0.4579820570212213


