Newcastle East Public School Energy Audit 2008
An energy saving and onsite generation proposal for an inner city school.

Contact: Ben Ewald         ben.ewald@newcastle.edu.au

Overview

This proposal is for an energy saving and onsite generation plan that will reduce consumption by 43% and generate 15% on site making a total reduction in electrical power from the grid of 58%. This will be tied to educational activities both for school pupils and the general public.

The school

Newcastle East Public School is an inner city primary school of 200 students, housed in the oldest continuously operating school building in Australia. There has been a school on the site since 1816, and the heritage listed school building perched on the top of the hill in Newcastle is a local landmark. The school prides itself on being “a country school in the city”, small enough for the teachers to know every child, there is usually only one class at each year level. The school grounds are cramped, with play area reduced by three demountable classrooms. A large modern curved roof has been built in 2007 providing shade and rain cover to the outdoor hard court, so the grounds have a modern look at that end. 

The school catchment area comprises older suburbs close to the coast and harbour, with a relatively advantaged population (SEIFA advantage/disadvantage of postcode 2300 is 1109) however there are several public housing estates included in the area so children at the school come from a range of backgrounds. As well as the school activities there is an OOSH (Out of School Hours) care program that provides supervision and activities before classes from 8am and afterwards till 6pm.

The school has an active interest in environmental education, with learning opportunities associated with the school vegetable garden, and an annual transport survey. 

School energy use

The school uses electricity mostly for lighting and cooling, and gas for heating. An energy audit conducted in Dec 2007 accounted for annual use of 40 484 kwh, out of approximate annual metered amount of 48620. We have as yet been unable to measure the energy use of 2 small hot water heaters, and the air conditioners in the three demountables which probably account for the remaining 11%. School electricity consumption is illustrated in fig 1.

The site:

The hill of Newcastle is 50m high and is surrounded by the ocean to the east and south, the Hunter river delta flat land to the west, and Newcastle harbour, the mouth of the Hunter River to the north. The main winds are from the south, from the west in winter, and from the north east on summer afternoons. The school site is exposed to all these. Detailed wind data is available from Nobby’s lighthouse, 3km away, and from Fort Scratchley 2 km away where Aerogenesis had a test site for one of their prototypes.

Electricity demand reduction measures.

Lighting

The 6 classrooms and library in the old buildings were refitted in 2001 with 106 modern hanging light fittings, containing low loss magnetic ballasts and two 40w T12 tubes. These will be replaced with a single T8 quadphosphor 40w tube and a reflector for an energy saving of 40w per fitting.

Three demountables and the staff room have old fashioned fittings with magnetic ballasts, accounting for 28 fittings containing 56 x 40 watt tubes, and there are a further 4 old style fittings in the office area. These will have a similar treatment, with a reflector and single tube replacing the current two tubes for an energy saving of 40w per fitting. Total school lighting savings will be 6690 kWh /year. 

Computers

There are 58 computers in the classrooms of two main types. They draw 2.6 / 3.6 watts on standby, and 130 / 93 watts when running. They are turned on at 9am, and shut down to standby from the central server at 6pm. Each room also has a router that draws 7.8w and is on constantly, and there are 4 printers that draw 12w. The power to the computers is from a mess of power cords draped behind desks. Power management for computers will be reorganised to come through a master switch for each classroom, so that all computers, printers and the router can be turned off at one switch at 3pm. 

Power saving of 5534 kWh/yr will be achieved.

Hot water

Hot water is available from 3 small electric HWS in the school. One, in the canteen, is frequently used but the other two are used less than once a month, but keep water hot 24 hours a day all year. The heating elements are rated at 3.6 kW, and we assume the element runs 120 minutes per day. The plan provides for installation of a timer switch for the two rarely used HWS. This will allow the HSW to be powered for 1 hr after activation, then automatically turn off. The canteen HWS will be replaced with an instantaneous gas unit. 

Power saving of 7880 kWh per year, offset by some increase in gas use.

Boiling water

There is a ZIP instant boiling water unit in the staff room, which leaks, and is always on unless the principal remembers to turn it off in the afternoon. Untill recent interest by staff it was always on. It will be replaced with a new instant boiling water unit controlled by a timer. The staff have an unusual requirement for speed in the tea room, as the teacher who is on playground duty at morning recess must get their drink and be out on the playground in a minute or less. Instant boiling water units use a lot of electricity, so the replacement will be programmed to heat water at 11am and 12.30 am only.  

Power saving of 1080 kWh per year against a baseline of being permanently on. 

Airconditioning

The three demountable classrooms have split system airconditioners, 2 units each, and the demountable staff room 1 unit. These are under the control of the class teacher and are estimated to be used for 4 hours on 90 days of the year. We have not been able to measure the actual power consumption, and any particular day is unlikely to be representative of annual use. On hot humid days airconditioning is necessary for comfort however the need for airconditioning will be reduced by painting the roof and western walls of the demontables with heat reflective paint. 

Estimation of energy saving: 2 hours of airconditioning use on 45 days a year x 7 units x 1000w average consumption = 630kWh /yr

Photocopier

The school has a late model Toshiba photocopier that uses 800 watts while copying, 72 watts while waiting, 49 watts on “energy save”, and even uses 19 watts when turned “off”. It will be rewired so that its powerpoint is easily accessible and can be turned off by admin staff when they leave. Next to the photocopier is a heated paper storage box that has been drawing 40 watts for 20 years. We turned it off in Dec 07 and have had no paper problems. 

Avoiding standby power on nights, weekends and school holidays will save 162 kWh/yr against a baseline of its “off” position. If the base case were the energy saver mode, we would save 415 kWh/yr.

Summary of energy savings, kWh/yr

	
	KWh/yr
	
	Cost
	Payback

	Lights
	6690
	14%
	$6210
	7.7

	Computers
	5534
	11%
	$1200
	1.8

	Hot water
	7880
	16%
	$1320
	1.4

	Boiling water
	1080
	2%
	$300
	2.3

	Heat reflective paint
	630
	1%
	$2700
	36

	Photocopier
	162
	0.3%
	$150
	7.7

	
	20764
	43%
	$11880
	


Payback period in years, calculated on tariff of 0.12

Onsite generation

Our preferred option is to install a 5kW wind turbine, however if it proves impossible to gain planning approval we will use a 2kw solar PV array, at about the same capital cost but less than half the annual power output. Wind 7300 kWh/yr, Solar 2932 kWh/yr, solar details from a quote by Origin energy.

The company

Aerogenesis is a local company formed by a group of engineers from Newcastle University to commercialise their designs for better small wind turbines starting with a 5kw unit. Using computer modelling of the fluid dynamics around turbine blades they have developed new blade designs that are more efficient, quieter, and start at lower wind speeds than traditional blades. The improved blades are combined with off-the-shelf mechanical and electrical components to give a high efficiency wind generator at low cost. Aerogenesis holds a grant from the Australian Greenhouse Office under the Asia Pacific Partnership for Clean Development for a project which includes installing a demonstration wind turbine at the University of Newcastle, and pursuing safety accreditation for the turbine to the highest international safety standards, a requirement before it is installed in a public place. This will be the first Australian wind turbine/tower combination to be accredited to this standard.  

The wind turbine

The Aerogenesis 5kw turbine has 2 blades of 2.5 m and is mounted on an 18 m tower. The tower is a self supporting steel structure without guy wires which would make it vulnerable to vandalism. The hinged version of the tower can be manually lowered for servicing. The prototype at nearby Fort Scratchley showed that we could expect 7300 kWh per year from a 5kW unit.

Specifications:…………

Power output



5kw @ 10.5m/s  (320 rpm)

Cut in wind speed


3m/s

Swept area of blades


19.64 m2

Generator output 



80 – 500 V AC three phase

Inverter output



240 V 50 Hz single phase AC

Tower




18 m, hinged at 8m 

Noise level      39 dBA at a distance of 50 m when the hub height wind speed is 5 m/s.

Educational display of wind generator output.

For the purposes of this demonstration project Aerogenesis has offered to build an educational display unit to be located in the school office area. It will display current wind speed and direction, current power output from the turbine, current school electricity use, and accumulated production and use over various time frames. This will also be able to display cumulative GHG savings.

This proposal meets many of the selection criteria for the NSW energy savings fund:

The proposal will reduce the school’s energy use from the grid by 58%, being 15% due to on site generation and 43% due to savings measures, and will feed energy back to the grid when school demand is low. Grid feed in will particularly occur after 3pm on hot summer days when the sea breeze is reliably blowing and school equipment is turned off, which matches the period of peak network demand.

The school site has excellent demonstration potential, as it is located in a prominent position near the CBD. There is high public use by school families, and it is close to other urban features such as Civic Park, the city Hall, Newcastle Cathedral, and King Edward Park, all high visitation areas. The local citizens group Climate Action Newcastle plans to organise public educational visits to the wind generator on open days, and the school plans to base educational activities around the generator. Small scale grid connected generation is not well understood in Newcastle, and there are only two wind generation sites in the region at Kooragang Island and at the CSIRO Energy Centre, both on industrial rather than urban land. A successful wind turbine project at this inner city location would demonstrate the acceptability of wind turbines in urban / residential areas. Funding for an educational display is being sought from alternate sources, that will show current and cumulative energy generation, and the annual power consumption compared to previous years.

Market Transformation

The project is the first of its type that we know of. Arrangements pioneered for this project will pave the way for others wishing to undertake similar projects. Special features of this project:

· The grid connection details of wind turbines as fluctuating power sources. 

· Development approval of a wind turbine in an urban / residential area.

· Insurance arrangements.

· This will be the first installation in a public place of a turbine that meets safety certification to international standards, and will be a valuable demonstration site for Aerogenesis in their business of commercialising the design.

The electricity generated will directly reduce the financial cost to the school of electricity bills, freeing up funding for core educational spending. Having our own generation capacity will also partially protect the school from future electricity price rises.

Collaboration

The proposal is from a coalition of the school P&C inc, Climate Action Newcastle inc, Aerogenesis pty Ltd, with funding to be held by the P&C.

Capacity to deliver

Design, Engineering, and construction of the wind turbine to be delivered by Aerogenesis Pty Ltd, a local R&D company that is commercialising both 2kw and 5kw wind turbines. They have run test models, and during 2008 will install a demonstration plant at the University of Newcastle. This project is contingent on the 5kw turbine achieving safety accreditation.

Energy savings measures such as replacing lighting and installation of timers will be by P&C members, including licensed tradesmen as required.

Project management and financial reporting will be by the principal John Beach, and Dr Ben Ewald from the P&C. 

Communication of outcomes

Climate Action Newcastle is keen to record and evaluate the experience of establishing a wind turbine in an urban area, not just the energy savings but also the development process, social impacts, and acceptability to the local community. Group members intend to keep a video record of the entire process from neighbour consultations to construction to open days and school / community responses. This could be a valuable tool for other schools or organisations wishing to follow the same path. Community open days will be held to explain the project to the public, which will also result in local press coverage. Formal evaluation of energy performance will take the form of a report after 12 months of operation.

Close scrutiny of the project by the school’s children will be encouraged, from general concepts in younger years to calculating the cost of the electricity we generate using a spreadsheet in later years. The recent Commonwealth initiative to provide schools with photovoltaic systems will allow comparisons to be made with other schools, demonstrating the benefits and drawbacks of each technology.

Would this project proceed without Energy Savings Fund support?

This is a public, not a private school! There is no school trust fund or other private funding reserve, and the school is stretched even buying books for the library. We are applying for funding for the educational displays from various philanthropic sources. Once the energy savings and generation capacity are in place the school will benefit from reduced electricity bills, but the school does not have the capital available to invest in this future benefit.

Project Timing

4Q 08
Implementation of energy audit findings, timers, lights, staff room. Detailed design work and drawings for tower and turbine.

1Q 09 DA to council. Neighbour consultations.

2Q 09 Construction of tower and wiring

2Q 09 Installation and commissioning of turbine.

3Q 09 Educational open days.

1Q 10 Twelve month report.

Cost effectiveness: 

The wind turbine element of this project is not cost effective over the 20 year working life of the wind turbine if the electricity tariff is 12c/kWh. The wind turbine has IRR of zero when the electricity tariff is 18.35c/kWh. This assumes annual maintenance costs of $100 and no insurance cost. We believe that the project has such good demonstration potential that it is worth funding despite poor financial rate of return. The solar PV option with a similar capital cost attracts $13 600 in commonwealth subsidies, and after the subsidies has an internal rate of return of 1.8% if it lasts for 40 years. This assumes it has no annual maintenance cost however needs replacement of the inverters each 10 years at a cost of $1000, and tariff of 12c for the first decade and 17 c there after. Without the commonwealth subsidy it takes 63 years to pay back the initial outlay, with a depreciation rate of zero.

Fig 1
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Budget

	
	Materials
	Services / installation
	Contributed by

	Tower, turbine, delivery, gst
	17000
	
	

	Engineering consultation / design.
	
	2000
	Aerogenesis

	Foundation, Wiring
	5000
	
	

	Anemometer, recording, educational display
	2000
	
	

	Reflectors for lights
	4140
	2070
	Installed by P&C members

	Hot water
	1070
	250
	

	staff room boiling water
	100
	200
	

	Rewiring classrooms
	800
	400
	

	Rewire photocopier
	100
	50
	

	Solacoat paint
	1500
	1200
	

	Video record
	
	2000
	Climate Action Newcastle

	Public open days
	
	500
	Climate Action Newcastle

	Curriculum, teaching materials
	
	
	Teachers


Total budget is $40 380 of which $6 570 has been committed as donations in kind by project participants. $31 710 requires funding through grants. 
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		NEPs energy audit December 2007																																savings

						watts		ON hrs/d		days/yr		standbyW		SB hours		SB days		full sb days		full sb hrs		Use/yr		SB/yr		kWh/day		kWh/yr each		Count		total/yr										total approx from power bills=						45633

				flouros		40		6		202		0		18		202		162		24		48.48		0				48.48		334		16,192

		computer		Optima		130		9		202		2.6		15		202		162		24		236.34		17.9868				254.3268		38		9,664		3377.7744

				Ienovo		93		9		202		3.6		15		202		162		24		169.074		24.9048				193.9788		20		3,880		1512.54

		Printer		Kyocera		400		0.2		202		12.1		23.8		202		162		24		16.16		105.21676				121.37676		4		486		315.65028						graphs				saving

		TV		LG		100		0.5		202		0		23.5		202		162		24		10.1		0				10.1		7		71								lighting		16,192		0.3		4858

		DVD		LG		50		0.5		202		2.6		23.5		202		162		24		5.05		22.451				27.501		7		193								computers		13,544				4890

		demountable		security		6		24		365		0		0		202		162		24		52.56		0				52.56		4		210								printers		486				316

				router		7.8		24		365		0		0		202		162		24		68.328		0				68.328		8		547		327.9744						photocopier		776				614

				extractor fan		41		4		90		0		0		202		162		24		14.76		0				14.76		3		44								routers		547				327

		staff rm		sandwich						202						202		162		24		0		0		0.0754		15.2308		1		15								other things		2,438				1000

				microwave		1310		0.2		202		3.3		23.8		202		162		24		52.924		28.69548				81.61948		1		82								unexplained		5,151				0

				toaster						202						202		162		24		0		0		0.06		12.12		1		12								turbine						7300

				ZIP																								800		1		800								remainder						26328

				computer		132		2		202		7.8		22		202		162		24		53.328		64.9896				118.3176		1		118

		office		fax		400		0.3		202		11.6		23.7		202		162		24		24.24		100.63464				124.87464		1		125														19305

				paper box		43		24		365		0		0		202		162		24		376.68		0				376.68		1		377										tariff		0.12		2317

				phones		0		0		0		4		24		202		162		24		0		34.944				34.944		2		70

		CD players		various		0		0		0		2		24		202		162		24		0		17.472				17.472		10		175

		ceiling fans				60		5		100		0		0		202		162		24		30		0				30		17		510

		overhead		projector		300		0.1		202		0		0		202		162		24		6.06		0				6.06		1		6

		room fan				40		6		100		0		0		202		162		24		24		0				24		13		312

		photocopy		toshiba		800		1		202		72		23		202		162		24		161.6		614.448				776.048		1		776

		shredder

		aircon				2000		4		90		3		20		235		162		24		720		25.764				745.764		3		2,237

		aircon winter				1000		3		40												120						120		3		360

		8 fridges																				3221										3,221

		external lighting

																														total		40,482

																														bill		45,633

		Monitor for 24 hours, and record as kWh per year from the power mate.																												unexplained		5,151		11.2878334539

		Fridges		sick bay		234

				staff room		987

				canteen drinks		521

				kindi

				black		164

				canteen fridge		739

				oosh freezer		576

				ossh locked freez

						3221														Notes

																				standby is made up of the hours things are not working during school days, plus full 24 hours during non school days = 162 per year.

																				The 45633 figure is an ammalgamation of various electricity bills, some of which would be from before the third demountable, so current consumption might be higher.

		hot water		cleaner/fist aid/toilet

				library

				Questions:

				What is done with the Toshiba photocopier at night? It has 3 modes when it is not working:  waiting: 72 watts, energy saver 48.6 watts, and off = 18.8 watts!

				Im a bit stumped by the ZIP heater and the under sink hot water units. The only thing I can think is to get a meterbox reading during the holidays, for a day with them on and off.

				Is there a prospect for turning off and emptying fridges over the holidays? It would make the assessment of the hot water systems better.

				Oosh works through the holidays. Meter box readings might have to be done on a weekend.

				I also do not know how to measure the air conditioners, except to use the centralmeter box as per HWS.

				How often are the wall heaters used. I noticed one in JB's office, one in the photocopy room, and one somewhere else.
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