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The Green Building is located in the centre of Dublin’s popular Temple Bar district
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Diagram showing borehole used to extract heat from underlying limestone
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Active roof mounted energy saving and generating devices
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Heat pump used to transfer heat from underlying bedrock to structure of building

Summary

This project set out to demonstrate the viability of incorporating optimal energy conservation technology in a mixed use city centre building. The building was designed to minimise undesirable heat gains and losses and to maximise the use of solar energy both directly in the form of heat and light and indirectly by using sun, wind, bedrock energy and stack and canyon effects. Intake of cold air during the heating season is minimised by the use of foliant species to recondition internal air. Cooling is aided by the suppression of core temperatures at night both by enhanced upward radiant losses and "canyon" convection effects. Roof mounted wind turbines and PV panels provide electricity for lighting. Evacuated tube solar collectors provide energy for hot water systems and a heat pump is used to heat the building in winter by extracting low grade energy from the underlying bedrock.

The building was completed in 1994. After some initial teething problems, all the innovative aspects of the building performed satisfactorily. The estimated annual savings in energy costs after allowing for additional operating costs is £4,066. The additional cost compared with a conventional building was £75,900 giving a theoretical payback of 18 years. The actual payback was almost certainly less than this because of the premium purchasers are evidently prepared to pay for buildings of this nature.
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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 incorporating optimal energy conservation technology in a mixed use city centre building. The building was designed to minimise undesirable heat gains and losses and to maximise the use of solar energy both directly in the form of heat and light and indirectly by using sun, wind, bedrock energy and stack and canyon effects. Intake of cold air during the heating season is minimised by the use of foliant species to recondition internal air. Cooling is aided by the suppression of core temperatures at night both by enhanced upward radiant losses and "canyon" convection effects. Roof mounted wind turbines and PV panels provide electricity for lighting. Evacuated tube solar collectors provide energy for hot water systems and a heat pump is used to heat the building in winter by extracting low grade energy from the underlying bedrock.

The building is located on a key site in a flagship development located in the centre of the city of Dublin. The site is located just south of the River Liffey in the centre of Temple Bar between Crow Street and Temple Lane South. The Temple Bar area is currently one of the best known and most active centres of development in Dublin. The building is part of a very high profile city centre development project that was initiated by the Irish Government in 1991 during Dublin's year as European City of Culture. 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 building was opened for exhibition to the public on 14th September 1994. This was accompanied by widespread coverage in the national television, radio and press and resulted in some 15,000 members of the public visiting the building during the following three weeks. All the apartments in the building, which became available on the opening day of this exhibition, were sold within minutes of being put on the market. The building continues to generate a steady stream of national and international media coverage.

2.2 Description of the installation
Structure

The site is bounded by existing buildings to the north and south and by narrow streets to the east and west. The brief from the developers was to create a mixed use building with apartments on the upper floors, offices on the first floor and retail units on the ground and basement floors. The plan of the building and its roofline were determined by existing site boundaries and the rooflines of nearby structures. These basic constraints resulted in a six storey structure with a basement floor 2.5 metres below ground level and a roof 15 metres above ground level. The overall plan dimensions are 12m in width and 25 metres in depth. A full height atrium was incorporated in the design to bring daylight into the core of the building, to minimise winter heat losses and to maximise stack and canyon effect ventilation and cooling. Two full height staircases were included for fire safety reasons and a lift for convenience.

The framework, floors and roof are constructed in re-enforced concrete and the walls in concrete block and re-cycled brick. Internal finishes are fairfaced concrete or dense plaster to ensure good thermal “contact” between internal air and the massive structure.

Insulation

A layer of Thermopack mineral fibre insulation is fixed to the exterior of the structure protected by three types of weathering surfaces. The roof is protected by Siplast Parafor Solo G.F. The walls on the top floor are protected by a Siplast Vercuivre “torch-on” membrane fixed to marine plywood. The lower levels are protected by a coloured plaster by Eglington. The design U-Values are 0.25 w/m2 for the roof and upper walls and 0.29 w/m2 for the lower walls. The basement floor slab contains a 75mm layer of insulation giving an overall U-Value of 0.4 w/m2.

Windows

Two types of window are used. Softwood timber framed units by Rationel and aluminium framed units by Lumicene. All external windows are double glazed with argon filled low emissivity K-Glass units by Pilkington. The specified U-Values are 1.6 w/m2 for the Rationel units and 2.5 w/m2 for the Lumicene units. The total glazed area per elevation is 86m2 giving an overall window to wall ration of 45%.

Heating

A water to water heat pump is used to transfer heat from the underlying bedrock into the structure of the building. The underlying bedrock is a dense limestone approximately 300 m in depth with a mean temperature of approximately 12.5°C. Heat is extracted from the rock by circulating water from the cooling side of the heat pump through a 150 m deep 200 mm diameter borehole at a temperature of approximately 3°C. The resultant heat energy is distributed throughout the building by circulating water from the heating side of the heat pump through a grid of 20 mm diameter pipes embedded in the floors and roof at a temperature of 20°C to 35°C. The heat pump, a Daikin Model EUWH 8FA, has a mean output of 23 kW and mean CoP of 4.87.

Ventilation

Ventilation is achieved primarily by means of vents and windows opening on to the central atrium. The central atrium is in turn ventilated by the controlled opening of very large louvers at low and high level. The high level louvers are in the form of a glazed rooflight that also acts as a smoke vent in the event of fire. This rooflight is opened and closed by pneumatic rams that are under the control of the BMS system. A single axial fan is used to supplement stack effect ventilation when the CO2 level in the atrium exceeds a pre-set limit. Small axial fans are also used to provide forced ventilation in kitchens, showers and WCs. These too are controlled by the BMS system.

Hot water system

Hot water is heated by two batteries of 40 Thermomax evacuated heat pipe solar energy collectors mounted at roof level. The solar heat energy collected by these units is distributed to individual hot water storage tanks in each apartment by a primary hot water circuit controlled by Thermomax LCX 400 control units. The hot water storage tanks are fitted with electric immersion heaters also controlled by the LCX 400 control units. All the apartments were fitted with showers only and these were fitted with high quality shower heads with three settings including and eco-setting. The taps were low volume mixer units.

Lighting systems

High efficiency lighting units have been installed throughout. Lighting in circulation areas and bedrooms is provided by a combination of Astra, Conifera and specially commissioned lamps fitted with high efficiency 2D and PL compact fluorescent bulbs.. Lighting in retail and office units is provided by “Stratos” lamps fitted with 1200 mm long, 26 mm diameter 36 watt fluorescent tubes. Electricity for the lighting systems is drawn from a bank of 24 heavy duty 2 volt SEC flooded lead acid batteries type T14-37 through two Trace Engineering Model U2624SB 2.6 kW high efficiency power inverters . The 10 hour capacity of the batteries when fully charged is 2,520 amp hours. The batteries are charged by 76 roof mounted 50 watt polycrystalline Model MSX50 Photovoltaic panels manufactured by the Solarex Corporation and three BCW 1500 wind turbines manufactured by Bergey Windpower Company Inc., each rated at 1.5 Kilowatts. The Photovoltaic panels are mounted in two similar arrays of 38 modules each. The output from these arrays is regulated by two SCI model SCS-24-R controllers by Speciality Concepts Incorporated. The output from the wind turbines is regulated by three VCS-1.5 controllers manufactured by Bergey Windpower Company Incorporated. In the event of a prolonged deficit of power, the batteries are charged at night using mains electricity.

Building Management System

The heating and ventilation systems in the building are controlled and all the monitor point outputs are logged and recorded by a Unitron building management system. This system comprised a T486DX micro-computer by Tronix Limited and 2 UCC4, 24V, AC powered programmable communication controllers and 12 UC16PG type micro-controller units by Cylon Controls Limited. The micro-computer operating software is WN3000 by Cylon Controls Limited.

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 tenders. Six tenders were received for the main building contract. The lowest tender was submitted by Messrs G&T Crampton Limited, Shelbourne Road, Ballsbridge, Dublin 4. The contract placed with Messrs G&T Crampton was for the construction of a 1,370 m2 building costing £1,728,000. Eight tenders were received for the mechanical services sub-contract. The lowest tender was submitted by Messrs T Bourke & Company Limited, T22 Stillorgan Industrial Park, Blackrock, Co Dublin. Seven tenders were received for the electrical services sub-contract. The lowest tender was submitted Messrs Mercury Engineering Limited, Mercury House, Sandyford Industrial Estate, Dublin 18. Other contractors and suppliers included:

Otis Ireland Ltd., The Triangle 31, Ranelagh, Dublin 6, Ireland - manufacturers and suppliers of the lift.

Coolair Ltd., Unit C, Cookstown Industrial Estate, Tallaght, Co Dublin, Ireland - suppliers of the heat pump.

Daikin Europe NV, Zandvoordestraat 300, B-8400, Oostend, Belgium - manufacturers of the heat pump.

Thermomax Ltd., Balloo Crescent, Bangor BT19 2UP, UK - manufacturers and suppliers of the evacuated heat pipe solar collectors.

Solarworld Ltd., Upper Dargle Road, Bray, Co Wicklow, Ireland - suppliers of the solar PV panels, wind turbines, batteries and inverters.

SEC Industrial Battery Co., Ltd., Thomey Weir, Iver, Bucks SL0 9AQ, UK - manufacturers of batteries.

Trace Engineering Company Inc., 5916 195th Street N.E., Arlington, Washington 98223, USA - manufacturers of high efficiency inverters.

Bergey Windpower Company, Inc., 2001 Priestly Avenue, Norman, Oklahoma 73069, USA - manufacturers of the wind turbines.

Solarex Corporation, 630 Solarex Court, Frederick, Maryland 21701, USA - manufacturers of the photovoltaic panels.

Rationel Vindeur Ltd., Bluebell Industrial Estate, Dublin 12, Ireland - manufacturers and suppliers of timber windows.

Colt Ventilation Ltd., St Bricins, Herbert Road, Bray, Co Dublin, Ireland - manufacturers and suppliers of opening rooflights.

Techcon International Limited, “Sorrel”, Manor Kilbride, Blessington, Co Wicklow, Ireland - suppliers of BMS system.

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

Dunnes Water Services Ltd., Dublin Road, Dromiskin, Dundalk, Co Louth, Ireland - drillers of deep borehole.

Conservation Engineering Limited., Innovation Centre, Trinity College, Dublin 2 - Special testing and commissioning services.

Work started on site in March 1993. Construction of the main structure commenced on 23rd August 1993 and was completed early in 1994. Preliminary performance testing of the empty building started in mid-1994. Testing of the occupied building commenced after the public “launch” of the building in September 1994.

3.2 Project management

Ms Maeve Jennings of Temple Bar Properties Limited was responsible for overall control and planning of the project. Mr Pat Walshe, c/o Temple Bar Properties Limited was responsible for the technical administration of the project. Mr Tim Cooper was responsible for the management and control of the aspects of the project that form part of this Thermie contract. Mr Colm McKenna of G&T Crampton Limited was responsible for the direct control and management of the building project. The design team included Messrs Murray O’Laoire Associates, Fumbally Court, Fumbally Lane, Dublin 8 (Architect), Patterson Kempster & Shortall, 24 Lower Hatch Street, Dublin 2 (Quantity Surveyor), Homan O’Brien Associates, 5 Marine Terrace, Dun Laoghaire, Co Dublin (Services Engineers), DBFL, 24 Holles Street, Dublin 2 (Structural Engineers) and Michael N Slattey & Associates, Kingram House, Kingram Place, Dublin 2 (Fire Safety Consultant). Mr Peter Boyland of Conservation Engineering Limited, Innovation Centre, Trinity College, Dublin 2 was responsible for control and management of the completed building.

3.3 Technical Problems and Solutions

During preliminary testing in winter conditions it became clear that heat losses from the building were greatly exceeding expectations. A comprehensive survey was carried out by Conservation Engineering Limited using a Raytek Raynger PM portable infra-red non-contact thermometer, a VelociCalc Model 8357-M-GB hand held air movement and temperature sensor and a number of multi-channel Squirrel loggers to determine precisely what was happening. This survey drew attention to the following defects:

3.3.1 Semi-circular windows

The semi-circular windows were found to contain extensive areas of severe thermal bridging and large air gaps along most of the sliding and butt joints. The U-Value of these units was determined experimentally to be in excess of 6. This compared with a specified value of 2.5. After extensive testing and experimentation, a range of modifications to these windows were carried out to improve their performance. These included the fitting of additional seals along all the sliding joints and the central vertical joint; the fitting of closing plates at the outer vertical joints and the sealing of the joints between the window and the internal glass baluster thereby creating a section of triple glazing over approximately one third of the area of the windows.

3.3.2 Timber windows

A number of the timber windows were found to be excessively draughty. This appeared to be the result of inadequate care during the final adjusting of the opening sections. These draughts were eventually eliminated by careful re-adjustment of the opening sections. Some draughts were also detected along the lines of some joints in the timber frames, particularly the bay window frames. These were sealed by fitting additional cover strips.

3.3.3 Extract ventilation

The extract fans were found to be extracting air from the building at a rate far in excess of the design rates. This was the result of oversized fan units and their continuous 24 hour operation. On investigation, it was discovered that the design of the extract systems made it impossible to control fans individually as a number of the fans served more than one area in the building. As a temporary measure, all the fans were switched over to the BMS system and set to run to a time schedule that matched typical behaviour patterns. This greatly reduced running hours and the associated heat losses. These fans are currently being further modified to enable them to be controlled individually using PIR detectors.

 3.3.4 Thermal Reservoir

Because of the excess heat losses during the initial operation of the building and an unforeseen temperature drop across the heat exchanger that transfers heat from the reservoir to the under floor heating circuits, it was necessary to increase the temperature of the water in the thermal reservoir from the designed range of 30/35°C to 40/45°C. This elevated temperature resulted in higher than anticipated heat losses from the thermal reservoir and a lower than anticipated co-efficient of performance of the heat pump. The initial data also indicated that the building had sufficient thermal inertia to maintain satisfactory conditions throughout the day when the heating system was operating at night-time only. Typically, the internal temperature in the building dropped by a maximum of 1°C when the heating was switched off from 8.00 am to 11.00 pm. 

These findings led to the modification of the main heating circuits to by-pass the thermal reservoir and associated heat exchanger thereby reducing the temperature on the condenser side of the heat pump by 10°C and, thus, increasing the co-efficient of performance of the heat pump. This also eliminated heat losses from the thermal reservoir.

3.3.4 Evacuated Heat Pipe Solar Collectors

During the initial tests of the evacuated heat pipe solar collection system it became clear that there was a major problem with the controls. After a thorough investigation it became clear that the primary circulating temperature sensors were not functioning properly. This problem was eventually tracked down to the fact that the sensors had been fitted to a section of the circuit that became effectively isolated when the individual circulating pumps were switched off. Because of this isolation, these sensors then failed to detect the true temperature in the primary circuits. This problem was resolved by transferring these sensors onto sections of the primary circuit that were not effected by the switching of the individual circulating pumps.

3.3.5 Insulation of upper walls

The U-Value of the walls on the upper floors was found to exceed the design value of 1.6. The cause of this was eventually tracked down to the fact that outside air was entering the space occupied by the external insulation along a 15 mm gap at the top and bottom of each elevation. In windy conditions this rendered the insulation almost completely ineffective. This problem was solved temporarily by partly filling the 15 mm gap with a strip of foam rubber. The permanent solution to this problem will involve the fitting of controlled vents to this space. These will completely eliminate all air movement in this space at times when there is no risk of condensation. The vents will open automatically when there is a risk of condensation to permit the minimum amount of ventilation necessary to prevent condensation.

3.3.6 Emergency lights

The inverters supplying electricity to the lighting circuits are designed to start up only when there is a demand for power - i.e. when one or more lights are switched on. This gave rise to a problem because the power required for the trickle charging of the emergency lighting units was below the minimum start-up threshold of the inverters. This problem was dealt with by connecting the emergency lighting circuit to the main electricity supply.

3.3.7 Wind Turbines

The most difficult problem that arose was a 50 Hz (approx.) vibration that occurred in the wind turbine supports in wind speeds above 20 m/s. This vibration was amplified by the curved concrete roof causing unacceptable noise levels throughout the upper floors of the building. This was solved by fitting specially designed isolator pads and fixings to the base of the turbine supports.

3.4 Modifications and over-runs

The main modification to the project arose because of unforeseen archaeological enrichment of the overburden and structural defects in the adjoining buildings. These gave rise to a delay of approximately 8 weeks.

4. Operation and Results
4.1 Operating History

The building was brought into operation on a phased basis. The first phase involved the connecting up and initial commissioning of the main engineering services. This was carried out during the summer of 1994. During this phase, a series of experiments were carried out to determine the optimum settings for the BMS system, particularly relating to the operation of the heat pump, the opening roof light and the operation of the ventilation fans. The excess heat losses that occurred during the initial operation of the building enabled a series of experiments to be carried out to test the maximum heat output from the deep borehole and the operating characteristics of the heat pump. The data obtained during this period was then used to optimise the operation of the system by restricting the running hours of the heat pump and associated circulating pumps to the period 11.00 pm to 8.00 am, thereby minimising the cost of the electricity consumed, and to minimise the temperature lift across the heat pump, thereby maximising the co-efficient of performance of the heat pump. During the second, and continuing phase, the BMS system settings were continually refined to achieve optimal performance in both summer and winter conditions. This phase commenced in September 1994.

4.2 Performance

Prior to the testing of the performance of the building, the various commissioning valves, flow meters, kWh pulse meters and temperature sensors were checked for accuracy. All the temperature sensors were found to be accurate to within +/- 0.5°C. One kWh pulse meter was found to be unreliable. Readings from it were ignored during the monitoring period. The commissioning valves were found to be very difficult to operate to provided inconsistent results. Readings from these were subsequently ignored. The method for recording power consumption was to accurately measure current and voltage for individual items of plant with hand held meters and to then log running hours. The method for recording heat flow was to accurately determine flow rates by experiment (see below) and then to record operating hours and flow and return temperatures.

In the course of the preliminary testing of the system, the performance of the heat pump was assessed by recording the rate of temperature change in the thermal reservoir as follows:

The pumps circulating water through the structure of the building were switched off thereby ensuring that all the heat from the heat pump was retained in the thermal reservoir.

The rate of rise of the temperature of the water in the reservoir was then determined experimentally to be 1°C per hour.

The system was then operated as above but with the heat pump switched off.

The rate of fall of the temperature of the water in the reservoir was then determined experimentally to be 0.23°C per hour.

Both sets of the above data were collected when the mean temperature in the thermal reservoir was 43°C.

The quantity of water in the reservoir was then measured - 15,974 litres.

The heat output from the heat pump was thus calculated to be 22.6 kW.

The electrical input to the heat pump in these condition was measured with a clamp-on ammeter. This was 6 kW.

The heat input from the well was thus calculated to be 16.6 kW.

The temperature difference across the cooling side of the heat pump remained constant at 1.3°C.

The flow rate through the well was thus calculated to be 3.05 litres per second.

After the building was fully commissioned and most of the defects put right a comprehensive set of data was collected during a representative set of weather conditions covering the period 25th April 1995 to 28th May 1995. Internal and external air temperature, relative humidity and all forms of power consumption were logged at 15 minute intervals throughout this period. The results obtained can be summarised as follows:

Target internal air temperatures were set in accordance with the wishes of the individual occupants. Logged temperatures were then compared with target temperatures. The results obtained indicated that actual temperatures closely matched the target temperature - see diag 1 below.




Diagram 1 - mean internal air temperatures

The running hours of the heat pump were then examined to determine its daily and total consumption of energy during the sample period. The difference between mean inside and mean outside air temperature was also determined for this period. These two figures were then used to calculate the mean heating energy requirement per degree day to a base of 15.5°C. The resultant figure was 5.65 kWh per degree day. This figure was then used together with a standard degree day profile for each month of the heating season to calculate the annual heat energy requirement during a typical year. The resultant figure was 10,791 kWh per annum (1,799 hours at 6 kW).

The associated pumping load was then calculated by multiplying the power of each pump by 1,799 hours. The resultant figure was 5,126 kWh per annum.

The energy consumed by the ventilation system was calculated by multiplying the running hours of the system by the power of each fan. The resultant figure was 876 kWh per annum.

The base load was calculated by deducting the above calculated loads from the total amount of energy consumed during the sample period. This was the equivalent of 996 watts running continuously or 8,725 kWh per annum.

The solar PV arrays and wind turbines provided 100% of the electricity consumed by the lighting systems throughout the test period.

The output from the solar thermal system was assessed by determining the peak daily power consumption for general domestic and hot water services for all the residential apartments. This was approximately 47.5 kWh/day. This was compared with the minimum daily power consumption for general domestic and hot water services for all the apartments. This was approximately 25 kWh/day. The difference between these to figures was accounted for by the input from the solar thermal system. During the sample period, the average daily consumption was 35 kWh indicating that the average daily input from the solar thermal devices was 12.5 kWh. The average occupancy of the residential floors during this period was 12. The hot water consumption of these occupants is of the order of 30 litres per person per day or 360 litres in total per day. This water is heated from approximately 10°C to 55°C. The total energy consumption is thus approximately 19 kWh/day. The solar thermal devices thus supplied approximately 66% of the energy used for hot water services during the sample period. The annual consumption of heat energy by hot water services is thus approximately 2,375 kWh.




Diagram 2 - General Domestic and Hot Water electricity consumption
4.3 Success of the project

With the exception of the semi-circular aluminium windows and the extract ventilation system, all the major components performed successfully. The output from the solar PV panels and evacuated heat pipe solar collectors was precisely as expected. The output from the wind turbines was not unexpectedly lower than specified because of the high degree of local turbulence. Despite this, the system produced sufficient power to keep the main batteries adequately charged throughout the entire monitoring period. The deep borehole and heat pump also performed almost precisely as expected. The average co-efficient of performance of the heat pump was calculated by recording flow and return temperatures and rates on the evaporator side of the system. The mean temperature difference while in operation during this period was 1.82°C. The mean flow rate was 3.05 l/s (see above). The mean output from the well during this period was thus 23.25 kW giving a mean total heat output from the system of 29.25 kW. The mean co-efficient of performance during the test period was thus 4.87. Cooling of the building was achieved by circulating water throughout the structure at night and thereby dissipating surplus heat through the floor and ceiling of the basement both to ground and the cool evening air that descended into the basement through the open rooflight above.




Diagram 3 - Comparison with estimated heat energy use of a similar conventional building
The overall success of the project can best be described by comparing the actual performance of the building with the estimated energy consumption of a conventional building as follows (see Diagram 4 also): 




Actual


Conventional

Cooling

2 GJ/yr


46 GJ/yr

Heating

39 GJ/yr

364 GJ/yr

HWS


8 GJ/yr


45 GJ/yr

Motors


22 GJ/Yr

17 GJ/yr

Lights


0 GJ/yr


47 GJ/yr

Totals


71 GJ/yr

519 GJ/yr




Diagram 4 - Comparison with estimated total energy use for similar conventional building
4.4 Operating costs

A detailed calculation of the cost in use of the completed building was prepared for use in connection with the setting of annual service charges. The total cost of operating and maintaining the completed building is approximately £22,000 per annum at 1994 rates. This includes a contribution towards a sinking fund of approximately £4,500 to provide for the replacement of the following components:

Painting and floor covering - after 7 years

The lift - after 25 years

Inverters, Wind turbines, PV Panels, Evacuated tubes and associated pumps and motors - after 30 years

External cladding - after 50 years

Glazing - after 100 years.

It is assumed that the batteries will have a useful life of 20. It is also assumed that they will be replaced by grid connection before the end of their useful life. It is also assumed that the Inverters and PV Panels will drop in price by approximately 50% after inflation before they need to be replaced.

The direct annual operating costs add up to £17,500 as follows:



Administration



£3,900



Insurance



£1,600



Lift Maintenance


£1,850



General Maintenance


£3,000



Cleaning



£3,000



Non-recoverable energy costs

£1,000



Landscaping



£2,400



Sundries



   £750

4.5 Future of the installation

It is anticipated that the lifespan of the building and its components will not differ significantly from those for a conventional building. It is also expected that the management company (Conservation Engineering Limited) will continue to refine the performance of the building with the aim of reducing energy consumption. The main refinements in mind at the moment are:

4.5.1  To extend the use of the electricity produced by the PV panels and wind turbines by connecting up a number of low powered electric heaters (500 watt) and the circulating pumps on the solar thermal system to the lighting circuit; and

4.5.2 To reduce the base load that is currently accounting from some 28% of the total annual energy consumption. This is made up of a number of small loads that are running continuously (the BMS, the data loggers, the fire alarm system, the emergency lighting system and water sterilisers) and some intermittent loads (water supply pumps, control system compressors etc.,).

4.6 Economic viability 

The main additional operation and maintenance costs, compared with a conventional building, are the sinking fund allowances for the wind turbines, the PV Panels, the Evacuated tubes and the Inverters. These have been calculated on the assumption that inflation will continue at 3% per annum and that the sinking fund will earn interest at a rate of 4.5% per annum as follows:

Item



Service Life
Capital Cost
Sinking Fund

Wind Turbines


30

£15,500
£410

PV Panels


30

£12,000
£159 *

Evacuated tubes

30

£15,000
£397

Inverters Etc.,


30

£5,500

£73 *

Total







£1,039

* assuming a drop of 50% in price during the next 30 years

The total additional cost of the project related to a conventional solution has been calculated as follows:

Batteries


£18,000

Inverters Etc.,


£5,500

Wind Turbines


£15,500

PV Panels


£12,000

Evacuated Tubes

£15,000

Total



£66,000

Fees



£9,900

Total additional cost

£75,900

The annual monetary value of the energy saved is calculated as follows (see Diagram 5 also):



Actual 

Conventional

Cooling
£13

£910

Heating
£308

£2,876

HWS

£68

£629

Motors

£194

£346

Lights

£0

£927

Totals

£583

£5,688

The total annual saving in energy costs is thus £5,105 or 90%. The current energy costs used for these calculations are:

Day Electricity

7.14 p/kWh

Night Electricity
2.85 p/kWh




Diagram 5 - Comparison with estimated annual energy costs for similar conventional building
The pay back calculated after allowing for additional operating and maintenance costs is thus 18 years. This takes no account of the added value that resulted from the very evident enthusiasm of the general public for the low energy technologies incorporated in the building. Whilst it is very difficult to demonstrate this added value, the fact that prospective purchasers were prepared to queue overnight in an attempt to ensure that they could purchase the apartments in this building would suggest that this added value is significant. It is probable that the public were prepared to pay a premium for the building that more than covered the total additional cost. A recent article by one of the occupants of the building highlighted the environmental benefits of living in a building of this nature, particularly during the recent exceptionally warm period in Dublin. To quote him “In the Green Building in Temple Bar, however, all was quiet and cool. The glass roof over the central atrium was open day and night, letting in air and light and venting cooking and other smells to the sky. Best of all, the under floor heating was working in reverse, dumping heat from the top floor into the basement and cooling the building a significant few degrees”. The complete absense of high and low temperature surfaces in the building, the high thermal and water vapour capacity of the structure and the presence of extensive planters within the building all contribute to the creation of a remarkably pleasant and confortable internal environment. Perhaps the most important environmental benefit to be gained from buildings of this nature, however, is the associated reduction in CO2 emissions. These have been calculated as follows (see also Diagram 6):



Actual 

Conventional

Cooling
365 kg

10,455 kg

Heating
8,869 kg
82,740 kg

HWS

1,948 kg
10,331 kg

Motors

4,922 kg
3,979 kg

Lights



10,643 kg

Totals

16,104 kg
118,148 kg

The total annual reduction in CO2 emissions is thus 102,044 kg or 86%.




Diagram 6 - Comparison with estimated annual CO2 emissions for similar conventional building
5. Publicity, Commercialisation and Other Developments
5.1 Publicity

This project has attracted major public attention throughout its existence. This was partly due to the fact that it was one of the first new buildings to be completed in a very high profile city centre development. It was also a result of the opening seminar on the 24th September and the widespread associated coverage in national radio, television and newspapers. The building has also been the subject of several TV documentary films and recently received a major national architectural award. The public response to the project has, and continues to be, one of intense interest and enthusiasm.

5.2 Outlook

The major problems with the building related to conventional components, namely the semi-circular aluminium windows and the extract ventilation system. The special low energy technology proved to be straightforward to install and is performing as expected. The only significant problems with the new technologies arose, not unexpectedly, mainly because of lack of experience with the new systems. These included the incorrect placing of the sensors on the solar thermal system, the unforeseen inefficiencies in the thermal reservoir and the vibration from the turbine supports. The project has provided all concerned with valuable experience with these new technologies and has led to at least one further development in this area. This particular development is the construction of a recreation centre that will use wind turbines to directly drive a number of small heat pumps that will extract heat energy from the underlying bedrock. One of the most innovative aspects of the project is the extraction of low grade heat from a shallow borehole without extracting significant quantities of ground water. This opens up the opportunity for the widespread application of a technology that was previously limited to areas where ground water extraction is possible.

5.3 Lessons Learnt/Conclusions

The main lessons learnt in the course of this project were:

5.3.1 The need for a thorough analysis of the performance of every completed element to ensure that it is actually performing as specified.

5.3.2 The need to ensure that ventilation systems are controlled individually to avoid unnecessary air infiltration, particularly when areas are not in use.

5.3.3 The need to test major components, particularly windows and insulation systems, before construction commences.

5.4 Patent Activity

There has been no patent activity associated with this project.

5.5 Commercialisation

There has been no direct commercialisation associated with this project. All concerned with the project have used the experienced gained to the maximum effect for marketing purposes.
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