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The original problem 

Over 450 buildings, 300 of them schools 

Controls poor or non-existent 

Building heating systems not ‘zoned’ 

Reliance on caretakers 

High energy consumption 

No central control 

Some very old plant... 

Back in the 1980s the Council was responsible centrally for all 

aspects of schools’ management – nothing was ‘delegated’  



Converted coal-fired plant 

Semi-manual control 

Lack of maintenance 

Little investment in plant 

Poor energy efficiency 



Typical plant rooms that 

WCC engineers came 

across during the 

programme of upgrading 



The solution… 

•Programme of plant renewal 

•BEMS systems started to become available 

•Site-by-site control greatly improved 

•Buildings still needed to be split into ‘zones’ 

•Reduced reliance on caretakers 

•Reduced energy consumption was promised 

•Central control and monitoring established 

The BEMS approach also supported the move to delegated 

energy budgets – albeit many years later 

 

At this stage, no BEMS manufacturer offered a wide-area 

system; all were effectively ‘single site’ systems 



Selecting a BEMS manufacturer in the early 1980s 

Designing-in the multi-site wide area functions required 

WCC and Transmitton to work together 

Designing the local controls engineering to be not only ‘user-

friendly’ but also ‘foolproof’ 

Reduced energy consumption would pay for the installation 

Central control and monitoring would permit rapid response 

to breakdowns and reduce school closures.  WCC 

established a ‘BEMS Bureau’ 

Caretakers not required to have any technical skills other 

than keeping their plant rooms tidy... 

Developing the solution 



Keeping the plant 

rooms tidy is a 

constant challenge 

Access to control 

panels is frequently 

blocked by stored 

materials 

Schools have full access to 

their own plant rooms, 

which is why WCC adopted 

such a highly monitored 

strategy for its BEMS 

control systems 



Worcestershire’s long history of innovation… Energy Officer 

Paul Minshull receiving a Green Electricity certificate in 2004 



Setting the standards - 2 

Standard approach to control and monitoring based on: 

Optimum start with boost period and defined search period 

Optimum stop time dynamically influenced by external and internal 

temperatures 

Self-learning controllers adapt to building response times 

Variable AND constant temperature circuits, both compensated against 

external temperature to different degrees 

Buildings ‘zoned’ based on likely patterns of occupancy 

3-stage frost protection  

Common format for monitoring and alarms, including tamper monitoring 

of switches and isolators 

Many ‘virtual’ alarms generated in central station software and 

computed from site analogue sensors 



WCC Transmitton 2000 system 

architecture in 1980 

Central station holds all the data and intelligence 

Outstations have autonomy but memory is volatile  

Text-based operator interface, no graphics 

System has lasted for nearly 30 years and has delivered 

energy savings of around 20% year on year 

Transmitton controls became obsolete some years ago, 

and WCC engineers and technicians have had to become 

skilled in fault-finding and repair, to component level 

 

The search commenced for a replacement… 



WCC BEMS systems in the 1990s 

By the 1990s systems had advanced considerably and 

were offered by numerous manufacturers 

Outstations now had autonomy, intelligence and non-

volatile memory together with battery back-up, able to 

operate in the absence of the central station 

Graphical User Interfaces and Windows-based operating 

systems available for the central station operator 

Andover Controls acquired Transmitton, and WCC 

continued to use Andover systems 

To satisfy Public Sector audit requirements, an alternative 

to this single-supplier arrangement was required 

Trend Control Systems were selected as a second 

approved provider of controls 



WCC BEMS systems in 2010 

Transmitton 2000 decommissioned after nearly 30 years service; 

sites now migrated to either Andover ‘Continuum’ or Trend ‘963’  

Conversion and upgrade project cost £900,000 over 3 years 

Andover ‘Infinity’ controls about 50 sites 

Andover ‘Continuum’ controls about 100 sites 

Trend 945 and Trend 963 together control about 100 sites 

In total the WCC BEMS bureau controls 270 sites and is operated 

by just two people 

Smaller sites may not warrant a ‘full’ BEMS installation or the 

cost of a dedicated telephone line but could benefit from the 

superior control provided by BEMS technology 

The Trend ‘ADL’ micro-controller offers a solution and a cost-

effective alternative to traditional time clocks and optimisers 



Trend ADL system standard design 

The Trend ‘ADL’ controller is a small integrated control system 

incorporating a user display, keypad, and on-board modem as well 

as six analogue and six digital inputs 

The ADL software functionality is identical to the Trend full BEMS 

package with the exception of alarm reporting to the central station 

and 2nd stage frost protection 

System based on the “WCC TREND IQ22x ADL v1.0” software 

functionality specification, jointly developed by Worcestershire 

County Council and Trend Services  

Four variants cover two or three high efficiency or condensing 

boilers and DHWS production 

Simple user interface still provided for time extensions and holiday 

settings 

Over 50 sites now controlled by ADL systems 



Some WCC standard control and alarm  

methodologies 

Analogue temperature sensors located in representative spaces 

Control panel switches and plant isolators all monitored 

Water and air flow proving by monitoring motor current 

No “hand” positions on control panel switches (OFF/AUTO only) 

A single monitored switch provides manual over-ride 

Simple user-operated timed extension for out-of-hours running 

Zone hold-off control by simple user-operated monitored switching 

A single monitored switch controls summer/winter/holiday selection 

Time control extended to distributed HWS generation 



Local isolators for boilers, pumps, 

actuators are all monitored via 

auxiliary contacts to report 

unauthorised operation 

 

 

Typical 2010 control panel 



Water flow status is 

proved by measuring 

motor running current via 

a CT in the control panel 

This eliminates unreliable 

flow switches and DP 

switches and feeds an 

analogue input on the 

BEMS controller, which 

differentiates between 

normal running and off-

load, broken belt, 

overloaded, siezed or 

tripped conditions 

Pump local isolators are 

monitored and generate 

an alarm when switched 

‘off’ 



Oil and gas burners are 

specified to have 

additional factory-fitted 

volt-free contacts to 

monitor lockout and gas 

pressure fault conditions 

This is becoming more 

difficult to achieve, with 

some burner 

manufacturers unwilling 

to depart from their 

standard specification 

WCC traditionally used 

Nu-Way burners, but 

many of these are now 

manufactured in China 



Typical control panel 

during installation 

 

WCC has adopted 

industry-standard design 

features, including 

standard panel wiring 

colour codes and 24 volt 

AC control circuits 

 

All LV terminals are 

shrouded to ensure risk-

free testing, fault-finding 

and commissioning 



Nunnery Wood High School boilerhouse, refurbished in 2004 

Interfacing the more modern 

boilers, with their own 

manufacturers’ integral controls, 

can be challenging... 

Multiple pump sets illustrating 

number of heating zones in a 

typical High School 



Typical late 1980’s Andover installation showing separate motor 

control panel and retro-fitted BEMS cubicles 



Typical 2010 Trend installation with 2-part cubicle 



BEMS costs, cost-effectiveness and benefits 

Costs: Typical WCC specification BEMS system for new schools: 

 

2.5% of project cost, or around £50 per square metre when designed 

by Consulting Engineers 

2.0% of project cost, or around £40 per square metre when designed 

in-house 

 

Savings: Typically 15-20% of annual heating fuel costs 

 

Typical payback periods 8-10 years, BEMS lifetime 25-30 years 

 

Based on annual gas and oil costs, BEMS saves WCC and schools 

£330,000 a year with annual staffing and running costs approximately 

£60,000 

 

Net cost benefit to WCC: £270,000 per annum 



BEMS financial payback… how can it be estimated? 

Total number of BEMS ‘control points’ in WCC estate: 10,634 
 
Average cost-per-point based on current projects: £350 
 
Total present-day value of system:   £3,721,900 
 
LESS cost of stand-alone control systems*:  £1,500,000 
 
Net investment in BEMS over stand-alone control: £2,221,900 
 
Annual energy savings:    £270,000 
 
Simple payback:     8 years 

*Note: motor control panels, thermostats, time clocks and optimisers 
would have to be installed, even without BEMS 



COMPARATIVE FUEL CONSUMPTION

50th PERCENTILE FIGURES

UK Schools

190 kWh/sq m/yr

Worcestershire Schools

165 kWh/sq m/yr
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Worcestershire schools’ heating fuel consumption is around 15% lower than the UK 

average  and is far more accurately controlled [source: DCSF benchmarking data 2003] 

In addition, WCC suffers far fewer education days lost due to heating breakdowns 

compared to other Local Authorities [source: WCC Children’s Services Directorate 2008] 

BEMS saves energy and prevents school closures 
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Comparing WCC’s 

energy performance 

with other Authorities 
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BEMS contributes to good DEC performance 

2008-09: ‘C’ rating 

2009-10: ‘C’ rating 

A 25% improvement on national norm 

of ‘D’ rating 
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Example of central BEMS bureau monitoring results 



Other ‘less tangible’ benefits 

Unauthorised operation raises remote alarm, e.g. Caretaker brushes 

against emergency stop button, Contractor forgets to switch a pump 

isolator back on after maintenance, or Head Teacher over-rides time 

control for out-of-hours use 

 

Early warning of failure from ‘logical’ alarms, e.g. if system flow 

temperature not achieved 1 hour after start-up 

 

Enables confirmation that proper commissioning of new systems has or 

has not been achieved 

 

Water system temperature logging and alarms satisfy L8 and provide 

early warning of changes in Legionella risk 

 

Permits schools to reduce reliance on caretaking staff 

 

Provides a very popular service that encourages schools to use Property 

Services for other Client Support services, e.g. design, feasibilities, 

service contracts 















BEMS monitors and logs domestic hot and cold water temperatures 

and generates alarms when these depart from L8 recommendations 



WCC current low-carbon 

initiatives: 

Also trialled and evaluated: 

Ground source heat pumps 

Bio-oil in heating boilers 

Wind generation 

 

Ground source heating at Red Hill School 

Wood-chip boiler at County Hall 

CO2-controlled natural ventilation 

Wood-chip and wood pellet boilers 

Solar PV and solar thermal 

Rainwater harvesting systems 

Automated window controls 

All controlled by BEMS 



Small Wind Turbines 



Renewable Energy Technologies  
An update - Summary as from April 2011 

including Feed-in Tariff and Renewable Heat Incentive 

Technology  Cost/kW Payback £/tonne CO2 

 

Wood chip boiler 100kW    £436  3 years      £-314 

Wood pellet boiler 30kW    £1,160  8 years      £-190 

Ground source HP 130kW    £1,307  8.5 years     £-437 

Wind turbine 3kWp    £3,233  46 years          £+622 

Solar PV mid-size 25kW    £3,280  9 years      £-490 

Solar thermal small, 2kWp    £3,750  7.5 years     £-309 

Solar PV small 4kWp    £4,545  12 years          £-422 

 

 

 

 

 

 



Contacts: Worcestershire County Council 01905 763763 

pnharris@worcestershire.gov.uk 

 Thank you for listening… any questions? 


