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NOTICE OF TERMS OF USE

This checklist should be used in conjunction with the Generic Audit Protocol.

 While the advice given in this checklist has been developed using the best information currently available, it is intended purely as guidance and to be used at the user’s own discretion.  No responsibility is accepted by the sponsors or the authors or any organisation who or which has been in any way concerned with the furnishing of information or data, the compilation, publication or any translation, supply or sale of this protocol, for the accuracy of any information or advice given herein or any omission here from or for any consequences whatsoever resulting directly or indirectly from compliance with or adoption of guidance contained herein even if caused by a failure to exercise reasonable care
This Protocol has been prepared by WSP Energy Management for Commark Trust on behalf of Business Unity South Africa

INTRODUCTION

This Checklist is a part of the Generic Energy Audit Protocol. It lists activities which are recommended in the Generic Audit Protocol, which are specific to Manufacturing Industries. 
Manufacturing enterprises can compare these practices and their energy demand and consumption, for purposes of benchmarking against industry averages for similar operations. This will identify potential areas for energy saving as well as mechanisms for realising savings.  
By reviewing energy consumption on an ongoing basis, unexpected increases in demand or consumption will be highlighted and can be addressed.  

METHOD

The following method should be followed when undertaking an audit of the company/facility’s efficiency in and conservation of energy use.  

1.
Identify Energy Sources and Costs

Identify all significant energy sources including: electricity, gas, coal, petroleum fuels and waste streams.  

Quantify Energy Costs per unit of production for each section of the farm or plant & the total cost
Quantify Energy usage over a suitable review period
Quantify Energy demand, peaks and averages per month
Compile a process flow diagram indicating all energy input points. 
2.
Establish Profile of Energy Consumption and Energy Intensity 
Institute a metering, measuring and monitoring system. Preferably use a meter which shows the kVars being used or the Power Factor Correction necessary from the difference between the kVA and the kW.
Establish a base-line for Energy Usage across a 12 month period
(Possibly use Eskom Conservation Scheme 01-10-06 to 30-09-07)

Break-down the company/facility’s energy consumption profile over the daily, weekly and monthly production cycles. Establish the typical profile of energy consumption for each energy source over a relevant period:24 hour period; one production week; and, a one month period.  Obtain production records for the corresponding periods.  

Calculate the baseline energy consumption per unit of production, i.e. energy intensity prior to introduction of energy conservation measures. Monitor this result graphically and display prominently.
For each electrical unit/activity/user, calculate the percent utilisation factor 
Look out for :

· Load during non/low-production periods;

· Production effects, occupancy, weather and cyclical loads

· Equipment start-up and shut-down and the impact on demand;

· Interactions between systems;

· Potential for peak load reduction.

3.
Energy Use Inventory

Identify major energy use units/activities inventory (over 100 GJ/yr.)
Motors

· Motors greater than 3.5 kW- Identify which motors have variable speed drive; and; and whether the listed motor is a standard or high efficiency motor;
· What is the current draw at maximum operating condition (kW) from each listed motor;
· For single or fixed speed motors list number of hours per year motor operates at full load, 
¾ load, < ½ load, and idle.

· For pumping operations determine the profile of use. Consider whether the pump is correctly sized for the task. Schedule for off peak usage.

· For fans with a variable load consider Variable Speed Drives which will save energy when the air requirement is a part-load of installed fan-power.

· For conveyor operation ensure the belt operates on a proximity switch which activates when the belt is loaded. 

Lighting

· Measure lighting levels, throughout the various facility areas and compare to the specific requirement under the Occupational Health & Safety Act, 1993 

· Identify type of lighting fixtures - fluorescent, incandescent, sodium vapour etc;
· Identify potential for substituting lighting for more energy efficient type;
· Note how the lighting is controlled (manual switches, photo-sensor, timers, heat and or motion detector switches, etc) and consider suitable area controls.

Compressed Air Plant
· Establish pressure drop across compressor dryer, filter etc. on compressor discharge;
· Establish maximum compressor discharge pressure;
· Investigate compressor or running time
· Investigate stop/start control system, load / unload, plc, etc?
· Is the piping distribution system a closed loop system; if not how extensive is it to convert to closed loop system;
· Is system tested for air leaks and how frequently?

· List all compressed air end use points, component using air (i.e. pneumatic valve, air cylinder, blow off line, etc.) and the pressure requirement for each;
· Identify any equipment that could be provided with a lower air supply pressure; 
· For any compressed air usage with pressure requirement of less than 100kPa substitute with a blower/fan system
Refrigeration System

· Identify type of refrigeration system used (ammonia, chloro-carbon or fluoro-carbon, adsorption, etc.);
· List compressor motor sizes and the range of operation of each;
· Identify types of compressors (centrifugal, reciprocating, screw, other);
· Investigate compressor sequencing or mode of control
· Check efficiency of oil removal filter being used downstream of compressors to ensure oil carryover is minimized
· Ascertain how are compressors cooled (e.g. by air, water, liquid injection, thermo-siphon etc)?
For Ammonia Systems: 

· Identify maximum and minimum compressor suction pressures; if the difference exceeds 
15 kPa, are suction pressures combined or kept separate?  If combined, consider separation.
· List all end-use points and required operating temperatures;  
· What are the condensing pressure requirements during summer and winter?

· Is it feasible to pre-cool compressed ammonia gas using water in a heat exchanger upstream of the evaporative condensers and use the waste heat recovered?

· What is the control system for evaporative condenser fans and water recirculation pumps?

· Is the location of evaporative condensers such that it eliminates recirculation and promotes maximum air flow?
· Addition and control of make-up water to ammonia condensers:-

a) How is it controlled?
b) Is volume added reasonable for cooling achieved?
c) Is blowdown sufficient, excessive, or not enough?

· If water is used for compressor cooling or the facility has a cooling water loop:
a) Are there cooling tower fans operated to minimize fan motor load?
b) Is cooling tower location appropriate so as to eliminate recirculation of air? (Do not locate adjacent to tall walls)
c) Are there any controls on the cooling tower fan motor to prevent overcooling of the cooling water?
d) Are circulating water pumps fixed or variable speed? If variable speed, is speed being controlled by maximum allowable compressed oil temperature?
e) Are the pressure requirements for the various cooling water end-use points relatively similar?  If not, is a separate pumping system maintained for the high and low pressure requirement points?

· If refrigerator is a chloro-carbon or fluoro-carbon:

a) Is the heat of compression in the refrigerant gas recovered or wasted?
b) Consider Electronic Expansion valves

c) Consider head pressure control systems

d) Will a variable speed drive better match the variable load? 
e) Is the refrigerant gas condenser using air or water for cooling?  If air is being used, would it be more economical to use water or vice versa?

· If the heat off the condenser coil is wasted, has consideration been given to recovering heat for preheating water or providing some other usable form of low-grade heat?

· If the heat of compression cannot be used anywhere because it is too low a grade, has consideration been given to raising the temperature using the heat pump concept?
Boiler Plant

Boiler operating schedule relative to production schedule: 
· If steam demand fluctuations are large, is a boiler kept on hot standby to meet peaks?

a) If yes, has the installation of an accumulator been considered?

b) If fuel is used to maintain spare boiler on hot standby, has the use of steam been considered?

c) Is the boiler being operated at greater than 75% load?

· Boiler combustion efficiency:

a) How frequently is efficiency tested?
b) Is the efficiency less than 90%?
· Boiler thermal conversion efficiency

a) Does it exceed 75%? 
b) Is this tested at a daily or weekly frequency?
· Forced and/or induced draft blower for combustion air:
a) Are fans single or variable speed?
b) Is flow controlled by dampers on suction or discharge side of fan?
c) Is damper control manual or automatic?

· Excess Air (EA)

a) Are EA levels monitored continuously?
b) For fuel used, is compressed air level within the recommended EA range?
c) Does the facility have an oxygen trim system?
d) Is the most efficient mechanism being used to control EA relative to fuel consumption and air supply temperature?
· Mechanism to preheat boiler feed water
a)
Is/are boiler(s) equipped with an economizer or recuperator?  If so, is economizer standard or condensing type?
b)
If economizer is in place, how is it used and what is its heat recovery efficiency?  Would it be economical to replace existing economizer with a condensing type economizer?
c)
If there is no economizer, has consideration been given to installing one? 
· Mechanism to preheat combustion air:
a) Is preheating combustion air used?
b) Has preheating been considered?
c) Can a readily available waste heat source be identified which could be used to preheat combustion air?

· Mechanism to reduce boiler blowdown volume and recover its waste heat:
a)
Is boiler blowdown continuous or intermittent?

b)
Is the boiler feed water maintained at the maximum allowable water quality?

c)
Are you recovering waste heat from the boiler blowdown and its flash steam used to preheat boiler make-up water?
· Mechanism to maintain pressure in the feed water:  
a) Is the boiler feed water pressure at not more than 100kPa above boiler operating pressure?   If so, why?
· Mechanism to re-use vent steam from boiler feed water de-aerator: 
a) Is heat from vent steam being re-used? 
· Size of each feed water pump and mechanism of control: 
a) If pump is running continuously has consideration been given to changing to a variable speed pump?

· Mechanism for condensate return and re-use of flash steam:

a) What % of condensate is presently returned?
b) Identify areas where condensate is not returned and the reason for this. 
c) Is condensate being discharged to drain?  If yes, has recovery been considered?

· What is the percentage of condensate recovered relative to the total steam generated?
· What steam trap inspection programme is implemented?  How frequently are steam traps inspected?

· Is a program in place to check for steam leaks other than from steam traps?  If so what is the frequency of checking?

· List steam users together with the required steam volume (kg/hr) and pressure.
· Has the reduction of boiler pressure been considered?   If deemed necessary to meet fluctuating steam demand, have you considered adding an external steam accumulator with small compressor?
· Specify the type and thickness of insulation on the steam and condensate pipes.

· Are there any steam and/or condensate piping presently not insulated or poorly insulated?

· Are steam traps, valves, flanges, heat exchangers, etc. insulated?

· Record keeping:  Are records kept of:
a) Daily steam generation (charted or totalized?  If totalized, are volume/shift recorded?).
b) Stack temperature (charted or spot checks)?

c) Make-up water volume or percent relative to total steam produced (once/shift or daily – once per shift preferred)?

d) Total boiler feed water vs steam produced (once/shift preferred, but daily as a minimum)?

e) O2 levels (spot checks throughout the shift)?

f) Fuel consumption (for each shift)?

g) Boiler blowdown water TDS concentration (at least daily but preferably once/shift)?
Hot Water Generation

· Energy source; electric, heat pump, solar, waste heat 
· Calculate the volume of water used per day
· Potential waste heat sources that can be used to heat water.
· Potential for storage of hot water for subsequent use.
· Is hot water reticulation system and generator insulated?

· Is the lowest required hot water temperature being maintained?
· If hot water is not required 24 hrs/day, is generation stopped or supply temperature reduced after working hrs? Install timers.
· For resistance heating consider which alternate technology is most appropriate.

Air Conditioning (AC)
· Is there a central AC unit or individual units for each room or space?

· Is there an opportunity for night time set-back?

· List areas with their own air conditioning units

· Is unit used for heating, cooling or both?
· Specify maintenance programme for unit(s)

· Size of unit relative to the area served – Is unit over or undersized for service intended?

· Are there exhaust fans in washrooms?  Are they automatically shut off during non-work hours?

· What is the power source for air conditioning (electricity, gas, etc)?  Is there an opportunity for:

a) Evaporative cooling?

b) Adsorption cooling?

c) Heat recovery wheels?

Heating

· Energy source used for heating?
· Potential for using waste heat?
· Percentage of heat energy used for space heating?
· Appropriateness of space temperatures maintained?
· Level of insulation on ducts and pipe-work?
· Mechanism for temperature control?
· Is there an opportunity for night time set-back?

Ventilation 
· Can variable speed drives better match the varying fan/air volume requirement

·  Consider the installation of Heat Recovery Wheels for introduction of additional fresh air the with the conservation of already heated or cooled air.
Combined Heat & Power 
· Evaluate the energy content of hot water and steam requirements after these have been optimised
· Establish the electrical and steam/hot water load factors. Look for co-incident Electrical and Steam demand profiles. If these are both high then consider CHP plant
· Look for high temperature waste gas production, and investigate possible diversion of the gas for direct steam generation, or via heat exchanger, to turbine for electrical power generation
4. Load Management
Peak Load Reduction

· Identify non-essential electrical loads
· Identify such loads that can be shed for short periods during peak demand periods

· What is the potential for installation of a load management control system?  
· Determine electrical utilisation or load factor.
· Investigate means of increasing the load factor.
Power Factor

· Increase power factor (PF) above 90%, above 95%; etc?

· Make power factor corrections, both equipment-specific and plant-wide.
Transformer Station

· Is there a transformer station on the facility?

· If yes, is the load on each leg balanced?

· Is the high voltage side of transformer left on when facility is not operating?

· If transformer and motor control centre rooms are ventilated, is ventilation system temperature controlled?
5.
Comparative Analysis

Identifying the high energy consumption activities as a means of prioritising areas for more detailed investigation for potential energy saving measures.

Establish industry average energy consumption figures for different activities and compare to calculated energy consumption per unit of production for company/facility under consideration.
Compile a CUSUM analysis table (see below) to monitor actual energy consumption against predicted energy consumption in order to identify any irregularities in consumption.  The table should comprise the following information (see headings (a)-(g) below):

	(a)
	(b)
	(c )
	(d)
	(e)
	(f)
	(g)

	Week No. 
	Production Volume (tonnes etc)
	Total Energy Used (kWh)
	Energy Use/ Production Unit (kWh/tonne)
	Predicted Energy Use (kWh)
	Difference

(c-e)
	CUSUM

(Sum of f)


Identify any peak and off-peak power conditions and power factors.  Calculate the marginal cost of energy from the different sources in Rand per unit of energy increase.  

6.
Identify & Report Energy Saving Opportunities

Identify potential energy saving options by undertaking a review of alternative energy technologies appropriate to the company/facility.

I. Identify energy reduction.

II. Establish an order of magnitude cost estimate for each identified option.

III. Establish potential energy cost savings based on the pricing structure for the various forms of energy (see section 1), as well as optimising the energy demand patterns.

IV. Prioritise energy savings options.

V. Report Energy Saving Opportunities
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