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The production and beneficiation of locally manufactured parts 
and components is a key driver for economic growth in South 
Africa and the growth of these industries is a strategic priority. 
Programmes such as the National Cleaner Production Centre South 
Africa (NCPC-SA) have been set up by the Department of Trade and 
Industry (the dti) to support such manufacturers and help them 
become competitive and sustainable, increasing local content and 
exports to international markets.

The NCPC-SA fulfils its mandate by assisting manufacturers to 
increase profitability and sustainability by reducing their use of 
energy, water and materials through resource efficiency and 
cleaner production (RECP).    

The Valve and Actuator Manufacturers Cluster of South Africa 
(VAMCOSA), which operates under the auspices of the South 
African Capital Equipment Export Council, works to support the 
interests of manufacturers of valves and actuators.

In 2014, VAMCOSA partnered with the NCPC-SA to enrol its members 
in the RECP programme. This entailed identifying opportunities to 
increase resource-use efficiency, environmental sustainability and 
overall profitability of the participating companies through RECP 
assessments. 

The key activities of the assessments included resource consumption 
trending, tariff structure analysis, baseline development, waste 
water and energy resource management maturity surveys, in-plant 
observations and data logging.  In all the assessed companies, 
energy and water were the biggest concern, and thus the focus 
for the project.  

During the first phase of assessment results in 2014/15, it was 
estimated that participating companies could realise an average 
saving of 35% on their energy bills. 

The outcome of the RECP assessments offered the valve 
companies the opportunity to evaluate the possibility to 
promote and achieve operational, environmental and economical 
sustainability. In addition, these results presented an opportunity 
for both management and the operational staff to realise a shared 
understanding of resource efficiency and its benefits.  

The enthusiasm with which the VAMCOSA members participated 
in the initiative and the support from the organisation as well as 
the dti sector desk prompted the NCPC-SA to use the opportunity 
to develop this best practice guide.  

It is our sincere hope that this guide will increase the impact of 
the RECP initiative in the sector, empowering companies to save 
valuable resources, and thereby remain sustainable over the long 
term. 

For further information, please email vkodisang@csir.co.za 
(012) 841 3571 

Thembi Kodisang Sibanda, Project Manager
National Cleaner Production Centre South Africa

FOREWORD
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1  INTRODUCTION
1.1	 The	National	Cleaner	Production	Centre	of	South	Africa 
This guidebook on Resource Efficiency and Cleaner Production (RECP) in the South African Valves Manufacturing Industry 
has been developed by the National Cleaner Production Centre of South Africa (NCPC-SA). 

The NCPC-SA is a national programme of government that promotes the implementation of Resource Efficiency and 
Cleaner Production (RECP) methodologies to assist industry in lowering operational costs through reduced energy, water 
and materials usage as well as effective waste management. It is hosted by the Council for Scientific Industrial Research 
(CSIR) on behalf of the Department of Trade and Industry (the dti). 

The NCPC-SA is a member of UNIDO and UNEP’s global Resource Efficiency and Cleaner Production network (RECPnet) and 
plays a leading role in the African Roundtable on Sustainable Production and Consumption (ARSCP).

1.2	 Resource	Efficiency	and	Cleaner	Production	(RECP)
RECP management means the ongoing process of identifying, planning and implementing organisational, technical and 
behavioural actions for resource efficiency. It entails a structured attention to resource-use with the objective of continually 
reducing energy, water and material resource consumption, as well as maintaining the achieved improvements.  

 

2  RECP MANAGEMENT PRACTICES
Success at RECP requires good performance in a number of RECP management areas. These management areas 
enable a structured approach to be developed and implemented under a key RECP performance pillar. The six pillars 
of RECP management that enable an effective programme are: Policy, Organisation, Skills and Training, Communication, 
Performance Measurement and Investments.

Figure 1: Volatile resource efficiency savings from ad hoc RECP management
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A poorly structured approach to RECP management results in volatile and unstainable savings in energy, water and material 
waste reductions. Figure 1 illustrates the effects of an ad hoc approach to RECP.

Poor RECP management maturity is characterised by:

• Ad hoc applications of assessments and interventions.

• Reactive approaches to sustainability implementation.

• Oscillating savings and very little net gains over the long term as savings are not maintained.

Poor RECP Management results in avoidable losses in profitability and an inability to meet emissions and waste management 
requirements.

2.1	 Why	Strive	for	RECP	Maturity?

Figure 2: Sustained savings from structured RECP management practices

A company with a highly matured approach to RECP or Sustainability Management is able to achieve and sustain high 
energy, water and material efficiencies over time. The cumulative effect of these savings results in higher-than-average 
profitability, meeting of sustainability goals and requirements and overall reductions in its carbon and water footprints. A 
structured approach to RECP management is characterised by:

• Clear RECP policies and targets with commitment from everyone in the company.

• Clear roles and responsibilities for implementing, achieving and sustaining the resource efficiency interventions.

• Effective communication and awareness channels in the organisation.

• Sufficient skills training in key RECP skills.

• Substantial investment in RECP projects and technologies.
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2.2	 Challenges:	What	is	Getting	in	The	Way	of	High	RECP	Management	Maturity	at	Valve	 
	 Companies?

Figure 3: Average RECP Maturity at Valve Companies

Figure 3 shows the average RECP maturity performance of the assessed valve manufacturing companies. The companies 
exhibited low RECP management maturities as explained below. This means that there is significant room for improvement 
by companies in the valve industry with the implementation of a few low-cost interventions.

• RECP Policy –  The valve companies that were assessed did not have any RECP policies in place. Some have environmental 
management policies but there were no specific policies addressing the requirements of RECP.

• Organisation – Companies exhibited a low appreciation for the requirement of a systematic managerial approach to 
RECP including the allocation of the right personnel, systems and financial resources.

• Communication – Most communication regarding the promotion of resource efficiency occurs on an ad hoc, informal 
basis. There is no formal communication regarding the companies’ strategy and performance with respect to key RECP 
issues.

• Performance Measurement – Most of the valve companies are operating between levels 1 and 2 where they check 
monthly invoices with very little-to-no tracking of usage performance by resource type. 

• Skills and Training – The technical staff in some companies sometime attend specialist courses in resource efficiency but 
there is no effort to train staff in their particular areas to contribute to resource waste reductions.

• Investment – The investment in RECP interventions currently involve only no-cost or low-cost measures being 
implemented. 

Table 1 below shows the RECP Management Maturity Matrix with the different levels of the RECP Management Pillars. The 
matrix should be used as a tool to create a dashboard indicating a company’s current and target maturity statuses. The 
interventions required to reach the target status can then be planned and implemented.
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Table 1: RECP Management Maturity Grid
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2.3	 Implementing	the	RECP	Maturity	Framework

Figure 4: Example of the RECP Management Maturity Assessment with current status and target levels

The following steps should be followed during the implementation of the RECP Management Maturity framework.

• Conduct a self-assessment of RECP Maturity Levels periodically using the RECP Maturity Grid.

• Communicate the findings with current status and target status.

• Develop specific action steps and a timeline to achieve the desired maturity level for each performance area.

• Implement the action steps and review maturity levels after a set period, e.g. three months. 

• Set new targets and intervention plans and go through process again.

• When highest maturity levels are achieved, implement processes to maintain this status and use periodic reviews to 
ensure sustainability of RECP management levels.
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3  RECP INTERVENTIONS FOR  
    VALVE MANUFACTURERS
The interventions discussed in the rest of this guide are briefly introduced in this chapter for easy reference.

Energy Efficient Lighting [Page 9] – This section discusses the behavioural interventions and the technological changes 
that can be implemented in factory and office lighting systems to achieve higher energy efficiency.

Optimum Tariff Structure [Page 12] – Here we discuss the need to periodically review the facility’s tariff structure to 
ensure that avoidable charges are not being incurred. Interventions to manage the electricity bill such as peak demand 
management strategies are also discussed.

Power Quality and Power Factor [Page 15] – The effects of poor power quality and power factor on a facility’s electrical 
energy efficiency and energy costs are discussed together with interventions for optimising power factor.

Compressed Air System Optimisation [Page 18] – Compressed air systems are the most expensive utility in the factory. 
Ways of avoiding inappropriate compressed air use and ensuring minimal wastage through leak reduction programmes 
are discussed in this section.

Efficient Motor Systems [Page 22] – A brief discussion on the key elements of operating motor-driven systems as efficiently 
as possible.

Air Pollution [Page 25] – Ways of minimising air pollution from gaseous and solid emissions resulting from operations such 
as shot-blasting and spray-painting are discussed in this section.

Water Quality and Water Efficiency [Page 27] – Interventions for maintaining acceptable water quality in the effluent 
discharges as well as ways of reducing water consumption are presented in this section.

Waste Management [Page 31] – Relevant waste management best practices are discussed in this section.

Monitoring and Targeting [Page 35] – Discusses the requirements for implementing and maintaining a monitoring and 
targeting system for key utilities.
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4  ENERGY EFFICIENT LIGHTING

Figure 5: Example of inefficient lighting practices at a valve manufacturer

The majority of valve manufacturers assessed, demonstrated poor lighting energy efficient practices. Figure 5 at one of the 
manufacturing companies illustrates the key inefficient lighting practices, which are characterised by:

• Keeping the lights on in low-occupancy areas – in this case a store-room used less than 4-times a day.

• Using old, low-efficiency lighting technologies.

• Using artificial lighting where there is sufficient daylight available through the windows.

• Lack of staff awareness and responsibility for switching off lights in unoccupied areas.
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4.1	 Savings	from	Energy	Efficient	Lighting	Practices

Table 2: Typical lighting efficiency savings at SME valve manufacturing companies

ENERGY EFFICIENT LIGHTING SAVINGS

Company
Average 
Savings 
[kWh]

Average 
Savings 

[KVA]

Energy Bill 
Savings Value

Fraction of 
Facility’s 
Annual 

Energy Bill

Investment SPP 
[Months]

Valve Company A Efficient 
Technology 24600 11.4 R 43,250.00 9% R 40,000.00 22

Valve Company A Skylights 25500 14 R 48,900.00 10% R 11,250.00 6

Valve Company B Skylights 28500 17 R 43,900.00 13% R 11,250.00 6

Valve Company B Efficient 
Technology 30800 16 R 47,500.00 14% R 47,580.00 24

Valve Company C Skylights 29200 15 R 34,342.00 9% R 18,000.00 13

Valve Company C Efficient 
Technology 28240 15 R 34,172.00 9% R 70,000.00 49

Average savings equivalent to between 10% and 15% of the manufacturing facility’s annual energy bill are possible with 
the typical energy efficient interventions applicable to these facilities. Table 2 shows the typical potential savings, capital 
investment requirements (excluding installation costs) and simple payback periods for such interventions.

4.2	 Recommendations	for	Lighting	Energy	Efficiency	in	Valve	Companies

Figure 6: Install skylights & switch off artificial lighting during the day

Switch off lights 
when not needed.TI

P
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Figure 7: Retrofit old technologies with higher efficiency lighting

Table 3: Energy efficient lighting interventions

LIGHTING EFFICIENCY CHALLENGE ENERGY EFFICIENT INTERVENTION

High dependency on artificial lighting 
during the day in offices and production 
plants.

Make use of natural lighting as much as possible by switching off lights 
during the day and installing skylights in production areas.

Lights are left on in low occupancy areas 
such as storerooms and warehouses.

Raise awareness to switch off lights in low-occupancy areas and/or install 
occupancy sensors or time switches.

Staff generally not aware of the cost of 
inefficient lighting practices.

Raise awareness for switching off lights when not in use through posters 
and other awareness campaigns.

Assign specific responsibilities for switching off production plant lighting 
at the end of the day.

Old inefficient lighting technologies still 
in use in the offices and in the plant.

Retrofit higher efficiency lighting technologies (LEDS, T5 Fluorescents, 
Induction Lamps) to replace older, low-efficiency lighting.

Excessive lighting being applied 
resulting in unnecessarily high lux levels 
and associated heat.

Check lighting levels and de-lamp where there is excessive lighting and 
increase lighting where there is insufficient lighting.
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5  OPTIMUM TARIFF STRUCTURE

Figure 8: Example of a valve company’s tariff structure comparison – City of Joburg

The tariff structures of the supplying municipalities and entities like Eskom are periodically reviewed and adjusted. The 
effect of this on the valve manufacturing companies is that they can end up paying excessive amounts of electricity 
tariffs if they do not periodically review their own tariff structures and apply for appropriate adjustments where necessary. 
Manufacturing entities may also increase or decrease their demand and consumption requirements through the installation 
of new, or the decommissioning of old production equipment respectively. This may also affect the tariff structure block 
they should be charged on, and applications for adjustments need to be made accordingly. 

Figure 51 shows a typical scenario where a valve company was on a tariff structure that was more expensive than an 
alternative applicable tariff. Average savings of 23% were possible by changing from the Large Customer LV Tariff to the 
Business Tariff.
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5.1 Actions to Optimise Tariff Structures
The following actions are recommended for ensuring that the facility’s tariff structure is correct and the manufacturing 
company is not paying avoidable electricity charges.

• Ensure that the tariff structure pricing is checked annually, when the supply authority publishes new tariff structures for 
the year.

• Do comparative costs analysis for all the applicable tariff structures using the previous year’s monthly consumption 
figures and the proposed tariff costs.

• Select the most cost-efficient tariff structure based on the results of the comparison.

• Evaluate and change some production practices, e.g. moving some production to off-peak hours to take advantage of 
cheaper off-peak rates on Time-of-Use (TOU) tariffs.

• Know and communicate when your peak, standard and off-peak times are for companies on the TOU tariffs.

Figure 9: Example of Eskom’s Time-Of-Use Charts

5.2 Peak Demand Management
Most tariff structures have a Peak Demand Charge component that charges the facility a monthly demand charge based 
on the maximum demand drawn by a facility in any 30-minute window during the month. The majority of factories that 
were assessed did not pay attention to the levels of peak demand and hence had no controls in place to try and keep 
it within pre-defined limits to control this particular electricity bill component. It was found that generally a plant’s peak 
demand may exceed the average demand by 10% or 15% due to a single high-demand-event during the month. If a pre-
determined peak demand threshold has been set by the company’s management, a monitoring and control procedure 
can be implemented to keep this threshold from being breached and avoiding unnecessary peak demand charge costs.

A peak demand control system can be as simple as a peak demand meter with a siren or as sophisticated as an automatic 
controller that switches equipment on and off as required according a prescribed algorithm. Installing a peak demand 
controller requires identifying and setting a threshold, usually the average of the previous 12 months. It is then necessary 
to select and train personnel on which equipment is to be switched of when the peak demand breach alarm is sounded 
or to program it into an automatic controller, whatever the case may be.
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Figure 10: Typical peak demand control strategies

5.3 Staggered Start-ups for Peak Demand Control
Peak demand control can also be achieved through the implementation of staggered start-up of machines and processes 
that draw a high amount of power until they reach process set-points. Examples include curing ovens, air-conditioning 
and compressors. If all the process equipment is started at once at the beginning of a shift or at the beginning of the day, 
the combined start-up power draw can easily create a very high peak demand for a short duration e.g. 30 minute to two 
hours. The rest of the day will have lower peak demands once the process set-points are reached but the charge will be for 
the highest peak demand for the month. 

Table 4: Example of a Staggered Equipment Start-up Schedule

TIME 05:00 06:30 07:00 07:30 09:00

Air Conditioning  

Curing Ovens  

Compressors  

Machining Equipment As Required

This issue can be addressed by implementing a staggered start-up program for process and services equipment. Table 
4 illustrates the principle of a staggered start-up strategy. Services like building air conditioning can be started an hour 
or two before the beginning of the day to enable the facility to reach stable temperatures without the other equipment 
running yet. The same philosophy can be used for the start-up of process heating equipment like curing ovens as well 
as compressed air services. The rest of the operational equipment can then be started when the shift starts but only as 
required. Companies should avoid the practice of starting all equipment at the same time and leaving it idling until it is 
required for a job. This practice contributes to unnecessarily high peak demands through unnecessary start-up loads.
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6  POWER QUALITY AND  
POWER FACTOR

6.1	 Why	Worry	about	Power	Factor	and	Power	Quality?

Figure 11: Power factor beer mug analogy

Power factor is the ratio of working power to apparent power. It measures how effectively electrical power is being used. 
A high power factor signals efficient utilisation of electrical power, while a low power factor indicates poor utilisation of 
electrical power. This ratio can be likened to a beer glass that is filled with beer and has some foam. The foam adds to the 
apparent total quantity of the beer mug but only the liquid beer performs the real action of quenching the thirst. The foam 
represents reactive power measured in kVAr. This is energy that is used to maintain the magnetic flux in inductive loads 
such as motors and electro-magnetic light ballasts. The real or active power is the power that is actually used to perform 
work such as providing the torque on a motor shaft. This is represented by the liquid beer in the glass. The apparent power 
is the energy that has to be supplied by the power authority and is a sum of the real power and the reactive power. The 
power factor is the fraction of the real power to the apparent power that a company pays for as a demand charge. The 
closer this ratio is to one, the higher the levels of power that are being drawn from the supplier to perform actual work.

“Usable”	ElectricityReal Power

Reactive Power “Wasted”	Electricity

kVA

kW

kVAR
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Valve	Manufacturer’s	CNC	Machine	Load	Profile
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Figure 12: Load Profile Chart showing machine’s low power factor during idling

The majority of the equipment in the valve manufacturing companies is driven by electric motors which generally operate 
at less than 60% of their rated loads. Operating motors at loads below 60% results in drastic reductions in the equipment’s 
and ultimately the facility’s power factor. 

Poor power factor (i.e. PF < 0.9) has high financial implications in the form of higher-than-necessary demand charges and 
leads to internal distribution losses. Based on the tariff structure that a facility is on, consider implementing bulk automatic 
power factor correction equipment to reduce the energy bill cost due to excessive demand charges caused by a poor 
power factor. Power factor correction will also result in needing to use a lower-rated generator if a backup generator is 
considered for the plant. Table 5 shows the typical savings from the implementation of power factor correction equipment 
at a City of Joburg valve manufacturing plant.

Table 5: Typical power correction savings

PFC VALUE % OF ANNUAL BILL INVESTMENT SIMPLE PAYBACK 
PERIOD

Installation of New 
PFC Equipment R 80,100.00 16 % R 45 500 7 Months
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6.2 Good Practice for Power Factor management

Table 6: Best practice recommendations for improved power factor in a facility’s network

BAD PRACTICE GOOD PRACTICE

Operating electric motor-driven equipment at less 
than 50% of rated loads, e.g. letting motors idle for 
long periods of time.

Ensure that equipment is right-sized for its intended 
purpose. Oversizing motors leads to persistent under-
loading and poor power factor.

Leaving motor-driven equipment idling for long 
periods.

Switch off all equipment when not in use. However, 
be aware of the maximum permissible number of 
start-stops for your particular motors according to the 
manufacturer’s manual.

Using welding machines at lower-than-rated settings. Ensure that welding machine settings are for the optimal 
efficiency and power factor values for a particular job. 
Refer to the instruction manual and work with welders 
to identify the best operating points for regular jobs. 
Specify the welder settings as part of Standard Operating 
Procedures (SOP).

Using high-inductive loads like rectifiers in plating 
operations.

Procure rectifiers that have high power factors and 
operate them in their optimum power factor and 
efficiency ranges. Install local power factor correction 
capacitors for the invertors.

Operating a plant with no power factor correction. Install bulk or localised power factor correction capacitors 
with harmonic filters.

Irregular or no monitoring of plant power factor 
performance.

Regularly check the performance of your power factor 
correction equipment to ensure rapid repairs of failed 
capacitors or identify the need for additional capacitance 
in case of production equipment being added to the 
plant.
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7  COMPRESSED AIR SYSTEM  
    OPTIMISATION
Compressed air is usually the most expensive utility in the manufacturing plant because of its extremely low energy 
conversion efficiencies, i.e. less than 10% efficient at the point of use. Most users on the factory floor consider compressed 
air to be a free resource and thus there is a prevalence of inappropriate uses of compressed air in the plant. Inappropriate 
compressed air use includes practices such as cleaning machines, sweeping floors and generally using compressed air 
where an electrical equivalent solution can be found.

Figure 13: Compressed air leaks at valve manufacturer
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Table 7: Compressed air leaks cost estimates at different pressures (2 000 hrs @ R1/kWh)

LEAK SIZE ANNUAL COST AT 8 
BAR

ANNUAL COST AT 7 
BARS

ANNUAL COST AT 6 
BAR

ANNUAL COST AT 4 
BAR

0.5 mm  R 163  R 130  R 100  R 50 

1 mm  R 650  R 520  R 400  R 194 

1.5 mm  R 1,462  R 1,172  R 902  R 436 

3 mm  R 5,850  R 4,688  R 3,600  R 1,750 

5 mm  R 16,250  R 13,023  R 10,000  R 4,850 

7.5 mm  R 36,562  R 29,300  R 22,500  R 10,900 

10 mm  R 65,000  R 52,100  R 40,100  R 19,400 

Table 7 shows the annual costs of compressed air leaks for different operational pressure for a system operating at 2 000 
hours per year at an energy cost of R 1/kWh. This table illustrates the value of operating compressed air equipment at 
close to the minimum manufacturer-specified pressures because this reduces the operational costs. Cleaning floors and 
equipment with a 7.5 mm hose at a system pressure of 7 bars is thus a very costly exercise which should be avoided as 
much as possible. 

7.1	 Recommendations	for	Compressed	Air	Efficiency

                                     Figure 14: Maintain compressors to ensure efficiency 
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Table 8: Compressed air efficiency best practice recommendations

BAD PRACTICE GOOD PRACTICE

Using compressed air to clean machines, personnel 
and sweep floors.

Use compact air blowers and compressed air 
entrainment nozzles for only those applications where 
no other cleaning methods would be effective.

Compressed air leaks in the system are not checked 
and repaired regularly.

Implement a compressed air leak reduction programme 
with scheduled checks, compressed air leak tagging and 
reporting.

The highest compressed air pressure settings are 
used on all machines regardless of the manufacturer 
minimum recommended settings.

Use only the pressure settings required to operate any 
piece of equipment effectively. Do not increase pressure 
unnecessarily.

Pneumatic hand tools are used in most operations. Replace pneumatic hand tools with electric tools 
wherever it is practicable and cost-effective.

Personnel do not know the costs of compressed air.
The cost of compressed air leaks is communicated 
regularly to staff, increasing their awareness through 
posters and regular campaigns.

Compressed air supply is kept on even when machines 
are idle.

Install isolation valves on machine compressed air 
connection points and switch off compressed air when 
machines are idle.

Condensate is drained manually from compressed air 
storage tanks.

Install zero-air-loss automatic condensate drains on 
compressed air storage tanks.

There is no compressor control or compressors are 
operated using-load unload controls.

Install variable speed drive compressors when 
compressors are due for upgrades or replacement.
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7.2 Typical Savings Compressed Air Optimisation at Assessed Valve Manufacturers

Table 9: Typical compressed air optimisation savings

INTERVENTION VALUE FRACTION OF ANNUAL BILL

Valve Company A

Compressed Air Leak Repair Savings R23,100.00 5%

Other Compressed Air Optimisation R39,450.00 8%

Valve Company B

Compressed Air Leak Repair Savings R54,219.00 16%

Valve Company C

Compressed Air Leak Repair Savings R23,000.00 5%

Other Compressed Air Optimisation R20,000.00 4%

Valve Company D

Compressed Air Leak Repair Savings R8,532.00 1%

Valve Company E

Compressed Air Leak Repair Savings R1,452.00 1%

Table 9 shows the typical compressed air optimisation savings that were identified at five valve manufacturing companies 
in Gauteng. Average savings of between 10% and 15% of the compressed air energy costs are possible through the 
implementation of the compressed air system operational best practices prescribed above. The most important aspect to 
remember is that compressed air best practices should become part of the companies’ operational fabric otherwise the 
savings will be lost if they are not sustained through continuous improvement efforts.
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8  ENERGY EFFICIENT MOTORS
8.1	 Background	and	Problem	Statement
The majority of the process equipment in valve manufacturing consists of systems that are driven by electric motors, 
both AC induction motors and DC motors. Some of these systems include compressors, water and hydraulic pumps and 
machining centres like lathes and CNC milling machines. The efficiency of electric motors is driven by two major factors, 
i.e. the motor’s technology and the motor’s load. Old motors were constructed using materials that had high losses which 
limited the maximum efficiency that could be reached by the motor at full load. The efficiency rating of motors that were 
manufactured before 2000 can be classified standard efficiency motors with an IEC motor efficiency rating of one. From 
2001, the high efficiency and premium efficiency motors have been available on the market and have better efficiency 
ratings at full load than the standard efficiency units.

Figure 15: IEC motor efficiency classes 

Source: http://www.motorsummit.ch/data/files/MS_2012/presentation/ms12_doppelbauer_update.pdf

Figure 15 shows the different motor efficiencies from standard to super-premium efficiency motors. It can be seen as big 
efficiency gaps (15%-20%) between IE1 and IE3 motors for motors below 10 kW. This gap narrows with increases in motor 
size.
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Figure 16: Typical motor efficiency and fractional loads

 Source: http://www.nrcan.gc.ca/energy/publications/efficiency/buildings/5947

The second issue of motor load relates to either over-sizing of motors or operating motors and loads that are less than 50% 
of their rated loads, e.g. idling them for long periods. The efficiency of the motor drops off significantly as the motor’s load 
drops from full load. Figure 16 illustrates how motor efficiencies plummet below 50% of full load induction. 

To optimise the operations of motor-driven systems and ensure the highest possible energy efficiencies, the following best 
practices are recommended.

8.2 Best Practice Guidelines for Motor-driven Systems

Figure 17: Construction cut-out of a high-efficiency motor



BEST PRACTICE GUIDELINES  FOR THE SOUTH AFRICAN VALVE MANUFACTURING INDUSTRY

24

The optimal operation of motor-driven systems requires a structured approach to how the motors are procured, maintained 
and replaced. This can be achieved through the implementation of a motor management system that documents and 
tracks the motors on a facility, their maintenance records, their efficiencies and the higher efficiency motor replacement 
specifications. The motor management system should be communicated to all key stakeholders and technical personnel 
should be trained on its use. Table 10 presents some of the best practices for the energy-efficient operation of motor-
driven systems.

Table 10: Best practice recommendations for motor-driven systems

BAD PRACTICE GOOD PRACTICE

Operating a motor at low loads for long periods of 
time.

 Let AC motors idle at low loads for long periods of 
time because these causes poor power factor in the 
network and also causes the motor to operate at low 
efficiencies.

Switch off motors that are going to idle for longer than 
10 minutes.

Oversizing motors for pumping or hydraulic 
operations.

Operating oversized motors can have the same effect 
of operating the load at below 50% with consequent 
losses in efficiency.

Ensure that right sized motors are specified for any 
application. Replace oversized motors with correctly-
sized motors.

Using motors that have been rewound more than 
three times.

The process of rewinding motors can affect the 
construction materials resulting in efficiency losses of 
between 3%-5% per rewind.

Ensure that motors are rewound by a service provider 
with a quality assurance process and that the full-load 
efficiency is tested and stamped on the new name-plate. 
Replace motors after a maximum of three rewinds.

There is no documented motor management system 
to handle motor procurement and repairs.

Implement a motor management system that ensures a 
standard procedure is available for the procurement and 
replacement of motors with higher efficiency motors.

Centrifugal pumps and fans with variable loads are 
operated at constant speed.

Use variable speed drives to operate centrifugal pumps 
and fans in order to gain savings from speed reductions 
where required.
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9  AIR POLLUTION 
    (GASEOUS AND SOLID EMISSIONS)

Figure 18: Coating plant at valve manufacturers

9.1	 Problem	Statement
Considerable air pollution takes place in valve manufacturing with solid emission in the form of dust particles and gaseous 
emissions mainly from welding and painting processes. These emissions pose a health risk due to inhalation by the plant 
personnel and contribute to environmental air pollution. Most of the valve manufacturing companies have shot-blasting, 
painting and welding operations on their premises. The assessments revealed varying degrees of control with respect to 
solid and gaseous emissions, ranging from very little control to significant and well-managed emissions control systems.
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9.2 Solutions to Minimise Solid and Gaseous Emissions

Figure 19: The coating productions line emissions control technology for the valve industry

Table 11: Best practice recommendations for minimising solid particle and gaseous waste emissions

BAD PRACTICE GOOD PRACTICE

Performing shot-blasting operations in areas with 
no dust extraction system.

Shot blasting operations should be carried out in a closed, 
but well-ventilated room with a capable dust extraction 
system. Install a dust extraction system with appropriate 
filtration to minimise discharge of dust particles into the 
environment.

Operators performing shot-blasting work without 
the use of correct Personal Protective Equipment.

Provide regular training and refresher courses on the 
health hazards of shot-blasting operations. Provide and 
enforce the use of correct PPE such as dust masks, ear 
plugs and eye protection.

Incorrect treatment of shot-blasting waste (dust) as 
non-hazardous waste.

Ensure appropriate classification of shot-blasting waste 
as hazardous (especially if containing paint material with 
heavy metals) and apply correct hazardous waste disposal 
practices.

Conducting paint operations in poorly-ventilated 
rooms.

Install fume extraction systems with appropriate filtration 
units to prevent escape of harmful paint fumes into the 
environment.

Manual spray-painting operations result in reduced 
paint application efficiency.

Install, where feasible, automated paint application 
systems that can guarantee higher paint application 
efficiencies.

Performing welding operations in poorly-ventilated 
areas within the production plant.

Install fume extraction hoods in welding areas to ensure 
sufficient removal of gaseous fumes from the welding 
area. Ensure adequate protective equipment use by 
welding personnel.
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10  WATER QUALITY AND  
WATER EFFICIENCY 

Figure 20: Rain harvesting water tank at a Gauteng valve manufacturer
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10.1	 Water	Quality	and	Efficiency	Problem	Statement
Water use at valve companies consists of pressure and leak testing applications and domestic uses such as for cleaning 
and ablution. There is a variety of water efficiency practices that were observed at the different valve manufacturers. 
Some of them had instituted rain-water capturing and water-reuse for pressure and leak-testing applications. Some of the 
companies that had refurbishment operations have basic effluent treatment facilities on site, separating water from oil, but 
not monitoring the water quality of the discharged effluent. 

Discharging effluent water from paint-mixing, valve-cleaning and other operations that entrain contaminants into the 
municipality’s water ways results in contaminated water reaching the dinking waters of surrounding communities. Effluent 
should be treated on-site to meet the municipality’s water quality standards before being discharged into the water ways.

10.2	 RECP	Practices	for	Water	Quality	and	Efficiency

Figure 21: Efficient valve water pressure testing
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Figure 22: Example of separation of contaminated water 
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Figure 23: Install low flow showers and taps

Table 12: RECP practice recommendations for water quality and efficiency

BAD PRACTICE GOOD PRACTICE

Releasing contaminated effluent from valve and 
machine cleaning operations into the municipality 
effluent without treatment.

Ensure the facility’s effluent water is checked regularly 
and all discharged effluent is treated to meet the 
municipality quality standards.

Using municipality water for valve testing in once-
through operations.

Implement a policy and procedure to reuse the water for 
valve pressure and leak-tests as long as it is of acceptable 
quality. Capture rain water and use that for valve testing 
operations.

Using water inefficient cisterns in toilets for ablutions. Retrofit toilet cisterns with dual-flush systems and couple 
that with awareness and training for the efficient use of 
dual-flush toilets.

Using old and inefficient taps and shower heads for 
ablution facilities.

Retrofit taps and shower-heads with low-flow systems 
that enable savings of up to 50% on water use for 
ablution purposes. Install sensor-controlled taps for 
hand-washing in toilets.

Irregular or no monitoring of plant water consumption 
performance.

Regularly check the performance of the plant’s water 
usage and investigate anomalies that could be due to 
leaks or other causes for spikes in consumption.
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 11  WASTE MANAGEMENT

Figure 24: Metal waste from a valve body machining operation

11.1	 Waste	Management	Problem	Statement
Material input and process output waste all have cost implications for the valve manufacturer ranging from the wasted raw 
material costs to the costs of disposal of both hazardous and non-hazardous waste. Our assessments showed that most of 
the waste from the metal processing aspects of valve production such as machining and drilling was sold to recyclers and 
thus was usually well-managed and separated at source.

The major challenges that valve manufacturers face are waste that is hazardous and also non-recyclable waste. It was 
found that there were various degrees of waste management excellence at the different companies that were evaluate. 
Some companies had excellent hazardous and non-hazardous waste procedures and others did not really comply with 
hazardous waste management legislation. 

When hazardous waste is not managed appropriately, either through poor storage or disposal procedures, it can result 
in harmful effects on personnel and the environment. Every facility that handles hazardous waste should have clear 
procedures that are aligned to legislation and the responsible people for its handling should be well-trained. Production 
processes should also be regularly reviewed to minimise material inputs waste through the implementation of up-to-date 
machining or production processes.
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11.2 Waste Management Good Practice Guide

Table 13: RECP practice recommendations for waste management

BAD PRACTICE GOOD PRACTICE

Using old processes and procedures such as sand-
casting of valve bodies where practices of investment 
casting would be more appropriate.

Evaluate the production and true-cost of waste of sand-
casting vs. investment casting and switch to investment-
casting where the material and waste cost savings have 
a good return on investment.

Lack of a clear waste management policy and system 
to handle to different types of waste on site.

Implement a systematic environmental and waste 
management system and go for ISO accreditation, e.g. 
ISO14001.

There is no waste separation and all waste is treated as 
general waste.

Ensure that a waste separation policy is implemented 
with the appropriate containers provided for separating 
general, metal and hazardous wastes, for example.

Hazardous materials storage is not controlled and is 
not clearly labelled.

Implement a hazardous waste management procedure 
and ensure compliance with legislation. Ensure material 
safety data sheets are available for hazardous chemicals 
and other hazardous material on site.

There are no spillage kits to contain hazardous waste 
and oil spillages.

Provide spillage kits and train staff on the proper use of 
the spillage kits.

There are no labels to differentiate between storm 
water and effluent drains.

Ensure sufficient and effective labelling of storm-water 
and effluent drains and train staff on correct application 
when discharging liquid waste into drains.

There is no legal register on site to ensure compliance 
with the latest legislation of waste and environmental 
practices.

Compile a legal register with up-to-date legislative 
documents on waste management requirements. Raise 
awareness and train personnel on the relevant sections 
applicable to your site.

11.3 House Keeping
Good housekeeping in the workplace forms the foundation of efficient and productive operations. A company with a 
culture of effective housekeeping practices is more likely to be able to succeed at implementing and sustaining systematic 
interventions such as RECP practices. Some of the valve companies assessed exhibited excellent standards of house-
keeping, while there was significant room for improvement in others. 

The benefits of having good house-keeping practices in place include:

• Less clutter – Everything is stored in its correctly labelled and accessible space. This reduces loss of productivity through 
searching for missing or misplaced items. Orders for specific items can be placed on time before they run out because 
there is clear visibility of their supply levels.

• Better health and safety – Tripping hazards and other potentially dangerous situations are avoided in a clean and neat 
space. When everything is neat and tidy, there is no space for pathological organisms to breed and cause harm to 
people.

• Improvement of personnel morale – The morale of workers in a healthy, clean and tidy environment tends to be much 
higher than that of workers in filthy, unkempt environment. Employee morale levels have a direct impact on productivity 
and work-place safety.
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Figure 25: The 5S Process of Workplace Cleanliness

A good system to get started on the implementation of good house-keeping practices is through the use of the 5S system. 
The 5S system is a well-document procedure for getting a workplace environment clean and keeping it clean. The key 
activities involved in each of the 5S elements are shown in Figure 25 and elaborated on in Table 14.

Figure 26: An example of 5S application to tools storage
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Figure 27: 5S in the factory

Figure 26 and Figure 27 show examples of the application of the 5S methodology to the organisation of tools and 
stationery storage. After the application of 5S, everything is in its place and there is no time wastage looking for items in a 
disorganised and cluttered space.

Table 14: Elements of the 5S system

5S ELEMENT KEY ACTIONS

SORT

• Remove unnecessary items and dispose of them properly.
• Make work easier by eliminating obstacles.
• Reduce chance of being disturbed with unnecessary items.
• Prevent accumulation of unnecessary items.
• Evaluate necessary items with regard to cost or other factors. 
• Remove all parts not in use.

STRAIGHTEN

*Can also be translated as “set in 
order” or “streamline”.

• Arrange all necessary items in order so they can be easily picked for use.
• Prevent loss and waste of time.
• Make it easy to find and pick up necessary items.
• Make workflow smooth and easy.

SHINE

* Can also be translated as 
“sweep”.

• Clean your workplace completely.
• Use cleaning as inspection.
• Prevent machinery and equipment deterioration.
• Keep workplace safe and easy to work in.

STANDARDISE

• Maintain high standards of housekeeping and workplace organisation at all 
times.

• Maintain cleanliness and orderliness.
• Maintain everything in order and according to its standard.
• Everything in its right place.

SUSTAIN

* Also translates as “do without 
being told”

• Continuously review system to ensure that everything is still in working 
order.

Before AfterAfterAfter
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12  MONITORING AND TARGETING
12.1	 Performance	Measurement	Problem	Statement
Monitoring and targeting form the basis of an effective resource management system. The saying that “If you are not 
measuring it, you can’t control it” is as applicable in resource efficiency as it is in any other control system. The majority 
of the South African valve manufacturers demonstrated low maturity levels on the performance measurement and 
reporting of their resource-use efficiencies. Most of them rely on monthly invoice statements which are not broken down 
by department and without specific resource consumption reduction targets in place. 

12.2	 Benefits	of	Effective	Monitoring	and	Targeting

The benefits of implementing an effective RECP monitoring and targeting (M&T) system are explained below:

1. Quick and Easy Detection of Avoidable Waste 

An M&T system helps with the detection of avoidable waste that occurs at random due to poor control, unexpected 
equipment faults or human error. These losses can usually be put right quickly and cheaply (or, indeed, at no cost) with an 
effective system. Intercepting and rectifying such problems should more than cover the cost of operating the M&T system. 

2. Quantify the Savings Achieved

The savings achieved by the current and future resource efficiency intervention projects and campaigns can be quantified 
in a manner that accounts fully for variations in levels of production activity and other driving factors. Monitoring the 
before-and-after resource use based on production activity will demonstrate the value of tight production process control 
to both management and production personnel.

3. Provide Meaningful Feedback 

Accurate savings data will inform feedback for staff awareness, improve budget setting and help in the process of 
undertaking benchmarking. Currently, most valve manufacturers’ production staff do not know how they are performing 
with respect to resource-consumption and efficiency. Providing relevant RECP performance feedback to the production 
personnel will help provide meaning and context into their daily production activities.

12.3 Guidelines for Implementing Monitoring and Targeting
An effective M&T system requires that the following be in place:

Consumption Data – Consumption data may come from meters (manually or automatically read), from delivery and stock-
level figures, or from proxy measures such as run-hours counters or ammeters. The critical task is to ensure that data are 
synchronised as closely as possible with the required assessment intervals.

Driving Factor Data – Driving factor such as production levels or machine run times should be recorded and synchronised 
with the consumption data. This will have to be an in-house effort because reliance on invoice data will not necessarily 
provide the information that is correlated to actual events and can lead to wrong conclusions.

Methods of Analysis – Once the driving factor data and consumption data are in place, the method of analysis to be used 
for assessment of performance will have to be decided. This should include simple linear regression models. These models 
will be used to set initial targets and predict performance against the targets. Cumulative sum of differences (CUSUM) 
analysis is also a simple but powerful performance analysis technique.
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Table 15: Suggested targeting and monitoring areas for valve manufacturing RECP M&T

AREA MONITORED  
RESOURCE PROPOSED METERING DRIVING FACTOR DATA

Whole Plant Electricity
Use the installed municipal 
meter – manually read at 
appropriate periods.

• Weighted machine run time.

Whole Plant Compressed Air None – monitor compressed 
air leaks. • No of leaks.

Whole Plant Water
Installed Municipal Meters – 
manually read at predefined 
periods.

• Production levels.
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THANK YOU
Thank you to the companies that participated in making the Resource Efficiency Cleaner Production  

Best Practice Guideline For the South African Valve Manufacturing Industry.
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