
Abstract
In most countries the agricultural sector, especially
crop irrigation, is a considerable energy consumer.
Farm irrigation studies in South Africa showed that
energy and water is wasted on a large scale and
there is a large potential for improving efficiency.
The present study focusses on the measurement
and verification (M&V) of irrigation pumping ener-
gy conservation measures (ECMs) under the Eskom
Standard Product Programme funding mechanism
in South Africa. A novel M&V methodology was
developed to quantify ECM impacts under the
Programme, which has special conditions and
unique M&V requirements, which makes normal
approaches inapplicable. Methods were designed to
effectively determine conservative but representa-
tive impacts without continuous power demand
profile measurement. The design involved unique
methods to quantify operational demand reduction,
annual energy consumption and annual average
demand reduction impacts. The design was broad-
ened to include pumps irrigating multiple crop areas
and different kind of crops. The methodologies and

techniques developed were validated and verified
through establishing independent cross-check mea-
sures. The paper discusses a regional top-down
M&V approach to verify the actual total energy effi-
ciency and load reduction on the electricity grid for
a specific region.

Keywords: energy efficiency; demand side man-
agement; variable speed drive; load reduction; crop
load factors

Highlights
• Irrigation energy conservation measures under

incentivised programmes.
• The M&V of irrigation pumping energy efficien-

cy under the Eskom Standard Product
Programme. 

• Instantaneous and average demand reduction
with annual energy consumption reduction.

• Quantify impacts without continuous power
demand profile measurement.
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1. Introduction
Most countries use irrigation pumping to increase
crop yield, to different extents depending on climate
and yearly precipitation. In most of the world about
70% of freshwater demand is for irrigation, and in
barren and semiarid regions the value reaches 90%
(Molden, 2007). Irrigation in South Africa, com-
pared with other sectors, is by far the biggest water
user (Du Plessis, 2009). According to the
Department of Water and Sanitation (DWS) 2013–
2015 annual strategic overviews of the water sector
in South Africa, 62% of South Africa’s yearly rain-
fall water yield was used in those years for agricul-
tural purposes (DWS, 2013; DWS, 2015). On the
energy front, the agricultural sector in South Africa
contributed 4.7% of electricity sales in 2016,
according to Eskom’s integrated results (Eskom
IDM, 2016). Internationally, Naylor (1996) found
irrigation to be the major energy consumer at farm
level in other countries. On-farm irrigation pumping
is responsible for 23-48% of direct energy con-
sumption allocated for crop production (Hodges et
al., 1994; Singh et al., 2002; Lal, 2004), with the
figure highly dependent on climatic regions, farm-
ing practices, crop type and use of utility power. 

The agricultural sector is prone to energy and
water wastage through inefficient practices, poor
irrigation systems and leaks (Standard Product
Programme irrigation supplementary measurement
verification and guideline, 2013). Energy and water
wastage can be improved or managed by energy
conservation measures (ECMs), which can be irri-
gation energy efficiency (EE) projects or projects
which shift the irrigation pumping load away from
power utility peak periods. The ECMs can be utili-
ty-driven projects or incentivised programmes such
as the following:
• government- or utility-funded energy service

company projects, such as the Eskom integrat-
ed demand management programme (2017);

• the EE rebates or tax rebates like those covered
by Section 12L of the South African income tax
act (South Africa Government Gazette 2013,
2013);

• the EE trading mechanisms such as white cer-
tificate schemes (Tyler et al., 2011) or carbon-
trading through schemes like the clean develop-
ment mechanism (Winkler and Van Es, 2007); 

• vertically integrated national appropriate miti-
gation actions (Dazé et al., 2016); or

• the anticipated South-African carbon tax
(Department of National Treasury South Africa,
2015).

Under the Eskom demand side management
(DSM) programme, now known as the Eskom inte-
grated demand management (IDM) programme,
many load-shifting and EE projects were carried out

in residential, commercial, industrial and mining
environments. These included several farming irri-
gation pumping load-shifting projects (Storm et al.,
2008). Projects were mainly interventions that
could have a large Eskom peak period demand
reduction or a significant EE impact, where some
projects implemented both evening peak load-shift-
ing and EE by simultaneous application. 

All projects needed to show credibility, and mea-
surement and verification (M&V) had to be applied
to evaluate attained impacts (Van der Merwe,
2011), since public funding was provided by the
National Energy Regulator of South Africa
(NERSA) for the Eskom projects. Intensive M&V on
these projects was therefore performed to assess
project impacts and report to the stakeholders. The
function of M&V is to independently and objective-
ly quantify project impacts and sustainability of
impacts over an agreed contractual project life (Den
Heijer, 2010). All M&V practices were based on the
international performance M&V protocol (IPMVP
Committee, 2012). From this, South African M&V
practice guidelines (Den Heijer, 2010) were devel-
oped, culminating in the establishment of a national
standard: SANS 50010:2011 (South African
Bureau of Standards (SABS), 2011), recently
updated to SANS 50010:2018 (SABS, 2018).

As well as large DSM projects, small-scale EE
projects can also add to the national IDM energy
use performance improvement and were therefore
also implemented to reduce energy consumption
for cost saving. The Eskom Standard Product
Programme (SPP) was established to provide
rebates for these small projects and fasttrack imple-
mentation and associated performance assessments
at a lower overall assessment cost. A project and a
programme essentially differ in that a programme is
an ongoing roll-out of a fixed technology over
many sites, while a project considers a set target
defined over certain site(s) (Coetzee et al., 2012)
and is not limited to a specific technology. An ener-
gy-saving rebate under the SPP is paid to participat-
ing parties who replace a standard old, inefficient
technology with a standard and proven EE technol-
ogy. The technologies initially allowed under the
SPP included EE lighting, heat pumps, EE shower-
heads and solar water heating (Van der Merwe,
2011). 

An Eskom IDM energy advisor team (Scheepers
et al., 2013) also set out to establish an Eskom pro-
gramme for irrigation demand reduction and EE.
Here, some larger projects fitted under the Eskom
Standard Offer Programme (Eskom IDM), which
still required conventional M&V (Hibberd, 2011;
Den Heijer et al., 2010). The majority of potential
projects needed to fit under the SPP, however.
According to Van der Merwe (2011) these SPP
small-scale projects require a generalised approach
that gives acceptable saving impact indication. This
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M&V approach recognises a deemed saving rather
than a measured saving as with conventional M&V.
Several projects could be implemented per site sub-
ject to a single project size, each limited to 100 kW
average demand reduction during weekdays, and a
maximum total of 250 kW impact per site.

Conventional M&V of irrigation projects has
already proved to be exceptionally challenging
(Storm et al., 2016). It is difficult to determine the
efficiency or inefficiency of water usage in irrigated
agriculture because it is a ‘multiple input – multiple
output process’ (Malana and Malano, 2006;
Rodríguez Díaz et al., 2004). The difficulty of con-
ventional irrigation M&V called for a new and
unique M&V methodology to quantify ECM
impacts under the SPP and other incentive-based
programmes. The focus of this study is therefore
M&V on irrigation SPP projects and the novel M&V
methods developed to quantify the impacts of these
projects.

2. Conventional M&V methods vs SPP M&V
requirements
Conventional M&V methods are normally applied
on ECM projects with a large demand or EE reduc-
tion. This was common practice on large irrigation
projects under the Eskom DSM programme, where
the ECM intervention cost is high and the total
M&V cost involved only a fraction of the total pro-
ject. The large EE or demand reduction achieved
relates to large incentives paid to the ECM project
owners. Many implemented demand reduction pro-
jects have moved several MW from the evening
peak to other times.

It is important for all stakeholders within such an
environment to have very accurate M&V results
with a high confidence level. Also, the exact project
performance must be tracked over the entire project
life to ensure that the project targets are met. Here,
M&V is critical and the associated cost easily justifi-
able. The M&V process on these projects require
the following critical components and actions
(Storm et al., 2008; Van der Merwe, 2011):
• properly define the baseline boundary, which

include ECM intervention and all interactive
effects;

• define an energy governing factor as;
• proper M&V demand profile metering (billing

class in most cases) is required;
• define a functional baseline metering period to

capture all project variations and circumstances
– anything from a few months to several years;

• baseline model development – the baseline typ-
ically consisting of average weekday, Saturday
and Sunday demand profiles;

• baseline assumptions made on project parame-
ters and conditions where the baseline is appli-
cable;

• a baseline service level adjustment method to

adjust the baseline relevant to the operation
conditions it would have experienced if the
ECM was not implemented. This is done by
using the referenced energy driver; and

• calculate savings over the project life. This is
normally done on a monthly or quarterly year
basis. The participating members in the project
receive incentives based on the results of the
M&V project performance reports.

This conventional M&V method requires extensive
baseline development and independent M&V spe-
cialists are required throughout the project life to
track ongoing savings. Metering and data gathering
can be cumbersome and also very expensive.

The SPP M&V approach fundamentally differs
from the traditional M&V in the following aspects:
• no profile metered baseline period and no ref-

erence energy drivers;
• no ongoing metering is performed on the ECM

after implementation;
• no profile baseline development; and
• the incentive is paid to participating parties at

the beginning of the project, on a projection of
the savings over the following three years.
There is, therefore, no ongoing tracking of the
project performance.

Considering these, the SPP has unique require-
ments that make conventional M&V approaches
inapplicable. A new M&V methodology was
required to assess SPP ECMs and quantify project-
ed impacts without conventional M&V methods,
while still having an acceptable confidence level.

3. Novel integrated M&V methodology for the
SPP 
A novel integrated M&V methodology was devel-
oped to conservatively quantify load reduction and
energy efficiency resulting from ECMs under the
SPP. The scientific approach was developed
through a comprehensive study of all SPP require-
ments, project parameters, system boundaries and
approach limitations. The integrated methodology
includes the key components displayed in Figure 1.
Specific methodology design validation and verifi-
cation parameters were set as Figure 1(a), (c) and
(d). 

Figure 1(b) shows the key concepts of the inte-
grated methodology described in the present study.
The ECM evaluation looked at how an evaluation
criterion can be devised to assess different ECM
approaches to ultimately find a sustainable and
quantifiable ECM. This then considered how this
ECM was applied and how it led to demand reduc-
tion and energy saving. The design of
assessment/measurement procedures examined the
following: 
• design a measurement procedure to assess

actual attainable impacts through the chosen
ECM;
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• design a measurement procedure to accurately
apply the aforementioned even when the ECM
was already implemented, and no baseline
measurements were possible; and

• design a measurement procedure to accurately
isolate and quantify the impact of the preferred
ECM where other ECMs were also implement-
ed.

Case studies following compartment (iii) of Figure
1(b) were performed to evaluate the actual attain-
able impacts of the chosen ECMs. Compartment
(iv) shows the design of a SPP measurement
methodology that includes: 
• establish a measurement method to quickly and

effectively quantify a conservative but represen-
tative load reduction or load shift without pro-
file measurement. Broaden this method for an
irrigation pump feeding multiple crop areas and
having more than one crop type per centre
pivot; and

• establish a functional method to quantify annu-
al conservative but representative energy use
impacts of an irrigation pump from the load
reduction values. Then broaden the method to
an irrigation pump feeding multiple crop areas
and having more than one crop type per centre
pivot.

Figure 1(a) shows that design validation is done
by adhering to the SPP requirements, project
parameters, system boundaries and approach limi-
tations. As a design verification in Figure 1(c), all
methods and procedures must be aligned with inter-
national M&V protocols and standards. Here, the
IPMVP and SANS 50010:2011 was applied. Not all

the steps are fully discussed in this study because of
the size and complexity of the development. Figure
1(d) gives an independent method to validate the
SPP M&V methodology and the actual results
obtained from ECMs under the SPP. This is further
disused in Section 8.

4. The ECM evaluation 
Compartment (i) in Figure 1(b) presents ECM eval-
uation as the first key concept of the integrated
M&V methodology. This section considers an ECM
evaluation by discussing what ECM technologies
can be implemented and how these can be applied
to lead to demand reduction and energy saving. 

4.1 The ECM evaluation criteria
Since no standard tried and proven irrigation EE
technology had been found for the SPP, a study on
inefficient irrigation practices and possible ECMs
was performed (Storm et al., 2008). It considered
what ECMs can be implemented to give measur-
able and sustainable energy saving over the project
life with a high confidence level. The study conclud-
ed that pump system design and setup system
improvements can satisfy these requirements. The
technology chosen to best fit the SPP was variable
speed drives (VSDs), through which the pumping
system can be optimised to achieve demand reduc-
tion and energy saving. 

4.2 Application of ECM: How it leads to
demand and energy saving
It is important to note that a VSD on its own will not
necessarily improve EE. The VSD, however, is a
‘tool’ that enables EE, which is not possible with
standard pumping equipment. Figure 2(a) shows a
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Figure 1: A novel integrated measurement and verification methodology with design validation and
verification, with (a) = the design validation; (b) = key concepts of integrated methodology; (c) = the

design verification; and (d) = the validation of results.



centre pivot running in pre-ECM implementation
conditions. Generally, it is found that centre pivots
are over-pressured, resulting in ineffective irrigation. 

In these conditions, the sprinklers create a fine
mist, which increases evaporation, thus wasting
water and subjecting the pump motor to a higher
load by the higher system pressure. In South Africa,
it is frequently found that irrigation engineers have
overdesigned an irrigation system, especially the
older ones. The system can be optimised by reduc-
ing the motor speed with a VSD so that the choking
valves can be completely opened (Scheepers et al.,
2013). The water delivery rate is now controlled by
the VSD and no more chocking is required. The
pumping system is further optimised by reducing
the centre pivot pressure to an optimum level.
Figure 2(b) shows less mist is created since the cen-
tre pivot pressure was significantly reduced.

This optimal pressure changes the water mist to
larger droplets, which have less ‘in flight’ evapora-
tion (Morris and Lynne, 2006). Since the pump is
not chocked anymore and the pressure is lower, a
demand reduction as well as EE is realised. The
lower pressure also results in less overall water
being pumped and less water wasted by evapora-
tion. 

5. Design measurement procedures
Compartment (ii) in Figure 1 presents the design of
measurement procedures as the next key concept.
These design procedures are necessary to quantify
the actual attainable impacts through SPP ECMs.
The measurement procedures described relate to
the conventional M&V methods given in Section 2.
Although these methods will not be used in actual
SPP M&V project impact projection, they are
required in the present study to evaluate what real-
world impacts can be achieved. Full M&V is, there-
fore, used to provide a sampled impact result
according to certain project characteristics that can
then representatively be applied to other similar
projects to ascertain their likely EE impact results.

5.1 Measurement procedure to assess actual
attainable impacts 
The procedures involved baseline audits through
independent validators and proper baseline and
post-implementation profile measurements by
means of reliable metering, as described below.

Baseline conditions audit 
An independent validator is required to visit and
assess a pump station and the irrigation system
setup before any EE initiatives are considered or
discussed with the farmer or any farmers in the
region. This can be done through independent
audits in an area well before any ECM programme.
This is necessary to establish proper baseline condi-
tions without interference. It is important that the
baseline conditions may not be influenced for
example, any discussion with the farmer might
influence him to start operating more efficiently,
thus changing the baseline operation. And the
moment the typical ECM implementation proce-
dures become available or common knowledge,
‘creative savings’ may surface through changing the
system baseline conditions to run more inefficiently
before auditors arrive. It is important during the
audit that the exact operational conditions are
recorded. This includes different crop areas and cir-
cles fed by a specific pump, the valve positions for
each pumping scenario, and the operational pres-
sure of each irrigation setting. 

Metering installation and verification 
Before the ECM is implemented, pump station
operational data should be collected, through reli-
able meters installed on each pump in a station.
The correctness of all installations must be verified
through calibrated check metering. As an example,
a case study of a pump irrigation system with three
centre pivots is discussed with the aid of Figure 3,
where in Figures 3(b) and (c) the meter installation
is verified by using a calibrated handheld and a
temporary Fluke power meter.
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Figure 2: Irrigation system. (a) pre-implementation conditions with over pressured centre pivot
resulting in fine mist; (b) post-implementation conditions showing significantly reduced fine mist

(Storm et al, 2013).

(a) (b)



Baseline measurements 
After metering equipment installation verification,
full baseline data capturing can be started. For suf-
ficient baseline data, the centre pivots go through
the full irrigation cycle. With this, all different pump-
ing scenarios and conditions can be recorded.
Figure 4 shows the full cycle pre- and post-imple-
mentation demand profiles of one of the case study
pump stations. The top line shows a 53-hour full
irrigation cycle energy demand profile of the irriga-
tion pump, revealing three distinct operational sce-
narios: the profile starts at about 37 kW, then drops
to about 29 kW for about three hours, and then sta-
bilises to about 36 kW for the rest of the period.
These three different demand conditions are caused
by the pump irrigating the three different centre piv-
ots. Water supply is moved to specific crops through
supply lines by changing valves. 

Post-implementation metering
After the ECM was implemented and the system
optimised, the same irrigation cycle is repeated with
the different pumping scenarios. Figure 4 shows the

post-implementation demand profile as the bottom
line on the graph, allowing a clear comparison with
pre-implementation demand. For most of the irriga-
tion cycle there was a typical 20 kW difference. The
shaded area between the two profiles represents the
energy demand reduction achieved over the full
irrigation cycle.

5.2 Assessment where baseline
measurements were not possible
In cases where it was not possible to install tempo-
rary baseline metering before the ECM, an alterna-
tive approach was required to quantify the attained
impacts. A measurement procedure was established
for determining impacts when the ECM was already
implemented. In these cases, valid information from
a proper baseline audit is required as per Section
5.1. The pumping system can be brought to pre-
implementation (baseline) conditions by setting the
VSD back to 50 Hz and returning pipeline valves to
the pre-chocking settings and system pressures, thus
essentially ‘eliminating’ the presence of the VSD.
Now baseline measurements can be done and com-
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Figure 3: Pump irrigation system: where (a) = case study pump station, (b) = measurements 
by M&V with a calibrated handheld meter, (c) = fluke power meter measurements compared with

M&V meter (Storm et al., 2013).

Figure 4: Full cycle pre- and post-implementation electrical demand profiles of the 
case study pump station (Storm et al., 2013).



pared with post-implementation data to reveal the
actual impact. This approach can easily be misused
if proper baseline audits were not performed. If
baseline audits are not possible, historical data for
three months to a year is needed before any ECM
implementation is required for suitable M&V. This
historical data can be obtained from utility point-of-
use profile power metering. From this data, the
baseline conditions can be verified. Smaller utility
points are, however, not always equipped with pro-
file power meters, but rather with cumulative ener-
gy consumption disc meters in kWh. In these situa-
tions, additional baseline metering may be
required.

5.3 Assessment where other ECMs were
also implemented
In the case where other ECMs were implemented
with the VSD, a similar approach to that described
in Section 5.2 can be followed to accurately isolate
and quantify the impact of the VSD. Other ECMs
may include an EE pump motor or pipeline efficien-
cy improvements. Comparing the results from prop-
er baseline measurements with the post-implemen-
tation results gives the demand reduction due to the
VSD and other ECMs. Repeating the method of
Section 5.2 and comparing these results with the
post-implementation results produces only the
impact of the VSD, however. This essentially iso-
lates the VSD impact and excludes the efficiency
contribution of other ECMs. With some ECMs, like
pipeline efficiency, the exact baseline conditions
may not be achieved by applying Section 5.2’s
method. The pipeline efficiency may result in a
lower operational demand with the same baseline
valve positions and operational pressure. With both
Sections 5.2 and 5.3, it should be noted that M&V
is not an exact science and the aim is to quantify
representative and conservative savings as pre-
scribed by the IPMVP and SANS 50010:2018.

6. Case studies of actual attainable impact
Case studies were done on 19 VSDs installed on
five farms in different areas and provinces. The aim
was to quantify the actual attainable demand
impacts through metering. The measurement pro-
cedures of Section 5, with other newly developed
methods, were carried out at several sites to assess
and verify demand impacts. Figure 3 shows some of
the pump stations assessed during the case study.
The line designated ‘before’ in Figure 4 shows the
baseline profile and ‘after’ the post-implementation
profile, where a significant demand reduction can
be observed.

6.1 Operational power demand reduction
results from case studies 
An overall representative electrical demand reduc-
tion for the irrigation pump can be calculated from

the profile measurements described in Section 5.
This was done to portray a single figure of the
attainable demand reduction impact of the 19 case
study pumps. The profile measurement method of
Section 5 was, however, too costly and impractical
to use for all of the case study pumps and an alter-
native measurement technique was required to
obtain demand reduction values for some of them.
Section 7.1 describes a simple method that was
designed for the irrigation SPP to establish a repre-
sentative but conservative load reduction value.
This technique was used to establish the instanta-
neous demand values given in Table 1, which sum-
marises the pre- and post-implementation demand
measured at each case study site, with the actual
demand reduction.

The first column in Table 1 (overleaf) lists the test
site, while the second gives the pump station name
and the installed capacities of the irrigation pump
motors. The next two columns show the before and
after ECM instantaneous kW, while the kW and per-
centage demand reduction are given in the last two
columns. The lowest demand reduction, 7.1%, was
experienced at Farm 4 and the highest, 71.6%, at
pump station P17 on Farm 1. The demand reduc-
tions measured were not related to the time of day
they occurred (such as during peak periods), as the
focus was solely on the attainable demand reduc-
tion. Taking all 19 sites into account, the average
demand reduction achieved was 42.2%. For all
measurements, the pre- and post-implementation
conditions were kept the same. This is clear evi-
dence of a definite and significant demand reduc-
tion. With project circumstances considered, it can
be safely concluded that the implementation of a
VSD to optimise the irrigation system can lead to
real, tangible and significant demand reductions.
The achieved demand reductions will directly result
in energy consumption saving and, in most cases,
water saving as well, as a result of water usage opti-
misation.

An important aspect that can be addressed in
future studies, however, is to establish a method
that can also determine the time of day when
demand reduction occurs. This would be valuable,
as the contribution the SPP irrigation ECMs
demand reduction makes over the Eskom peak
usage periods could also be determined.

6.2 Further assessments
The 19 pump stations were not the only pumps
engaged by the energy advisors, although these
were the only ones independently verified. A total
of 46 farms and farm sections formed part of a large
testing study over South Africa. With collaboration
between M&V and the energy advisors a standard
site M&V evaluation criterion, as for the 19 pump
stations, was agreed upon to be used for all other
farm pump stations. Very similar demand reduc-
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tions to those found for the 19 pump stations were
obtained (Storm et al., 2008). 

The savings presented in Table 1, and those of
the other 37 pump stations, can only be used as a
guide on what can possibly be achieved and not as
a national or area-specific representation. The
pump stations used did not undergo proper statisti-
cal sampling (Carstens et al., 2014; IPMVP Com-
mittee, 2012; Xia and Zhang, 2013; UNFCC CDM
Executive Board, 2012) and were assessed as pro-
jects were implemented and evaluation sites became
available. For a national or area-specific representa-
tion a thorough statistical model needs to be devel-
oped, one which considers all factors and variables.
Therefore, no area representative confidence level
and error margin can be tied to the findings.

In order to establish a national or area-specific
representation, a proper M&V cost and accuracy
model can guide decisions on how to approach
this. Unfortunately, with accuracy the associated
M&V cost rises significantly. With the healthy M&V
practice of always reporting on conservative sav-
ings, incentive programmes can compare M&V
accuracy and cost with the additional incentives
that can be claimed. As with the M&V of normal
irrigation projects, in some cases, even a 50% con-
fidence level may be acceptable, depending on the
overall reporting objectives and the value of the
savings involved, according to Steyn (2014). Here
the claimed savings will inevitably only be a conser-
vative 50% of what was measured. Although it may
not appear ideal, this approach may provide suffi-

cient M&V for publicly funded incentive pro-
grammes, but simultaneously enable projects which
may not have been possible before due to high
M&V costs. Here the M&V methods described in
the present study are ideal. A critical aspect of M&V
that requires more attention, on any type of ECM
programme, is metering and data-gathering equip-
ment. In many cases, the costs of these are so high
that it is often more than the rebate from the incen-
tive programme. An accurate but cost-effective
data-gathering system and approach is required for
such projects.

7. Design of a SPP measurement
methodology 
Section 5 described the design of measurement
procedures to quantify the actual measured impacts
of SPP irrigation ECMs. In Section 6 these proce-
dures were applied to case studies, where the focus
was to assess and quantify the real world impacts
resulting from the installation of VSDs on irrigation
pumps. Here, measurement practices related to
conventional M&V methods were applied.
However, the SPP cannot financially justify such
extensive measurements on all projects and a sim-
plified standardised assessment method is required
to establish attainable demand, and therefore ener-
gy consumption, reduction. 

7.1 Establishing a simplified assessment
method for demand reduction
A method needed to be established for the SPP to

17 Journal of Energy in Southern Africa  •  Vol 29 No 3 • August 2018

Table 1: Achieved operational power demand reductions on 19 pump stations 
(Scheepers et al., 2013).

Test site Pump station and Instantaneous demand measured

installed pump kW before kW after kW reduction % reduction

Farm 1 P36 (30 kW) 36 16 20 55.6

E4 (30 kW) 27.5 11.3 16.2 58.9

E40 (55 kW) 54 42 12 22.2

E40 (30kW) 23 13 10 43.5

P1 (30 kW) 34.4 14.7 19.7 57.3

P1 (30 kW) 32 16.9 15.1 47.2

P17 (22 kW) 25.7 7.3 18.4 71.6

P17 (75 kW) 66.8 30.8 36 53.9

Farm 2 DP (110 kW) 99 53.2 45.8 46.3

Farm 3 75 kW 74.9 50.7 24.2 32.4

75 kW 62.4 40.8 21.6 34.6

75 kW 61.7 44.1 17.6 28.5

Farm 4 37 kW 38.1 35.4 2.7 7.1

Farm 5 P1 (30 kW) 46.8 28.8 18 38.5

P2 (30 kW) 51 25.3 25.7 50.4

P3 (30 kW) 68.7 33.5 35.2 51.2

P4 (30 kW) 46.4 31.4 15 32.3

P5D (30 kW) 45.8 33.7 12.1 26.4

P6 (30 kW) 44.6 25 19.6 43.9



measure a conservative, but representative load
reduction, without profile measurement. With cen-
tre pivots, a conservative approach is to let the cen-
tre pivot turn till it reaches the lowest elevation point
on the crop circle (Steyn et al., 2013), which
requires measurements of a baseline instantaneous
demand. This lowest point is the location where the
irrigation pump demand is the lowest since the stat-
ic head is effectively the lowest. These measure-
ments are repeated after the ECM implementation
and the results can be compared for the demand
reduction. The impact calculated becomes the low-
est possible saving that is still attainable. With centre
pivots on severely angled crop circles, multiple mea-
surement points may be considered. Crops under
micro or sprinkler irrigation have a constant static
head and instantaneous measurements can be
taken any time after the system stabilised after
pump start-up. Irrigation pumps that irrigate multi-
ple crops, as in Figure 4, require a separate assess-
ment for each crop type. A load reduction for each
crop is determined.

7.2 Assessment method for annual average
demand and energy consumption reduction
Determining the annual energy reduction under the
SPP is a difficult study, since the SPP does not allow
continuous measurements and the energy con-
sumption saving needs to be determined for a spe-
cific crop in a specific area. Without continuous
measurement, several other aspects may need to be
considered when determining the energy and aver-
age demand reduction. These aspects can include: 
• location, climatic region and typical annual

rainfall;
• crop types: irrigation of summer and/or winter

crops, more than one type of crop during a sin-
gle season;

• irrigation methods and soil type; and
• is water allocation/registration active in the

area?

The best approach found was to incorporate
crop load factors (Scheepers et al., 2013), through
which representative irrigation requirements for a
crop were established. Crop water requirement is
one of the most important aspects to consider for
irrigation efficiency since it is a vital part of agricul-
tural planning (Reddy, 2015). Allen et al. (1998)
define crop water requirement as: ‘the depth of
water needed to meet the water loss through evap-
otranspiration (ETCrop) of a disease-free crop, grow-
ing in large fields under non-restricting soil condi-
tions, including soil water and fertility, and achiev-
ing full potential under the given growing environ-
ment’. 

Crop water requirement is a well-studied field
and software programmes are available to assist
farmers in determining it. An example of this is

CROPWAT (Banik et al, 2014) and the South-
African SAPWAT (Heerden et al., 2016), which is
based on (Allen et al., 1998) using the CLIMWAT
(Tegos et al., 2017) weather database comprising of
3262 weather stations from 144 countries. For the
SPP the software program SAPWAT was utilised;
among many other aspects, it incorporates 50 years
of weather data to calculate a load factor for a spe-
cific area and crop type.

From the crop load factor, irrigation system
setup and ECM load reduction, the annual energy
consumption saving with the annual average
demand reduction can be estimated. This can be
strategically broadened to an irrigation pump, feed-
ing multiple crop areas and having more than one
crop type per centre pivot. However, independent
M&V assessment of these crop factors was critical to
prevent biased or unrepresentative values. A whole
alternative method was developed and a study per-
formed to independently evaluate and verify crop
load factors calculated for certain areas (Storm et
al., 2013). This study involved determining the real-
world crop load factors of hundreds of irrigation
pumps stations over a four-year period. This mas-
sive undertaking is beyond the scope of the present
study, but the results showed that the calculated
crop load factors were indeed representative and
conservative.

8. Validation of methodology through actual
electrical grid impacts
A critical question: what is the actual reduction the
electricity grid experiences due to these ECMs?
Although ECMs will result in probable short-to-
medium term (one to three years) representative
reductions, the question is how these impacts will
be sustained over longer periods. Also, from other
types of EE projects evaluated, it emerged that
sometimes re-appropriation effects diminished the
real attained savings. An example of this is Eskom
residential EE projects and CDM projects
(Pandaram, 2006; UNFCCC CDM Executive
Board, 2010). Once a homeowner realised that
ECMs such as a SWH, geyser switch, geyser blanket
or EE lighting reduce the electricity bill, the tenden-
cy is often to use more electricity on other house-
hold appliances, making up the original electricity
cost budget, thus, effectively cancelling any attained
savings – though with lifestyle improvements.

Normal M&V models do not actively capture
this effect since the measurement boundary is only
around the equipment part of the project scope and
only direct interactive effects with other technolo-
gies are monitored. Here, CDM methodologies
have additional methods and calculations to
account for re-appropriation effects such as leaking
and free riding (United Nations Framework
Convention on Climate Change Clean
Development Mechanism Executive Board, 2010).
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It is imperative that programmes such as the SPP
must have regulation to avoid re-appropriation
effects. Old, ineffective equipment must be collect-
ed and destroyed or they will only be used at anoth-
er place. 

A method is required to quantify what the actual
impact of ECMs is on the electrical grid. In 2006,
there was a massive implementation of accelerated
DSM initiatives in the Western Cape province
because of a 400 MW supply shortfall (Storm et al.,
2009). A top-down M&V methodology was devel-
oped and successfully executed to assess the region-
al demand impact as seen on the electrical grid.
Data was gathered from strategic measurement
points on regional transmission and distribution
power supply lines. The M&V methodology
accounted for the following key aspects:
• average day type demand profiles with temper-

ature adjustments;
• electricity sales growth and demand market par-

ticipation;
• supply losses, municipality curtailment and load

shedding; and
• leased generation, fuel switching, power export

and open point shifts in electrical distribution
networks.

Strategic measurements were made on the elec-
trical network to isolate key areas effected by ECMs.
Measurement data was collected from existing
power utility grid meters. Care was taken, since
electrical network configuration can chance through
shifted open points, which in turn may affect mea-
surement data at certain places (Dalgleish, 2009). A
similar approach can be applied to isolate and
assess the impacts of regional irrigation ECMs.
Through the distribution networks, key high voltage
lines than mainly feed irrigation areas or regions
can be identified. Power lines which may tap off
and feed industries or towns can also be measured
so that these can be subtracted from the totals. The
model can be refined through moving down to low
voltage customer billing utility meters to remove a
farm’s loads that are not used for irrigation. This is
limited to points with utility profile metering. Data
extraction can be done in cooperation with utility
grid control centres. From historic data, periodic
baselines (monthly for instance) can be developed
and baseline adjustments fixed. 

9. Conclusions
Eskom’s Standard Product Programme (SPP) has
unique M&V requirements, which make normal
M&V approaches inapplicable. The biggest chal-
lenge is the absence of continuous metering while
still requiring representative and accurate results. A
new and unique M&V methodology was designed
to quantify energy conservation method impacts
under the SPP and other similar incentive-based

programmes. This new methodology was used on
several pilot sites and proved to be functional, giv-
ing the required operation electrical demand reduc-
tion values required. These values provided clear
evidence that the implementation and use of a vari-
able speed drive to optimise the irrigation system
can lead to real, tangible and significant demand
reductions. By incorporating crop load factors with
the demand reduction values established, represen-
tative annual energy consumption and annual aver-
age demand reduction impacts were also success-
fully established. These impacts were validated and
verified through an independent cross-check mea-
sure which showed that the values obtained were
indeed representative and conservative.
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