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Abstract

Peak electricity demand in South Africa will exceed

the available operational generation capacity in

2007. The state utility, Eskom, is addressing this

challenge, inter alia, with the implementation of a

national Demand-side Management (DSM) initia-

tive. Studies in South Africa have shown that 20%

of the total municipal energy is utilised in commer-

cial buildings. Telecommunication companies own

and operate a large portfolio of diverse buildings

within the municipal boundaries. Energy Services

Company (ESCO) analyses on these buildings

showed huge savings as well as load reduction

opportunities. ESCOs however face major prob-

lems in evaluating DSM projects on telecommuni-

cation facilities. To address these problems a new

ESCO procedure for telecommunications facilities

was developed and successfully implemented. It

was proven that the new ESCO procedure is suc-

cessful in solving the unique problems in perform-

ing ESCO analyses for telecommunications facili-

ties.

Keywords: electricity demand, Energy Services

Company, demand side management, commercial

buildings, telecommunications facilities

1. Introduction
Electricity demand in South Africa is currently esti-

mated as growing at approximately 1 000 MW per

annum. The peak demand in 2005 was 34.8 GW,

with the operational generation capacity in South

Africa totalling at 37 GW (Gcabashe, 2003; DME,

2003). It is clear that (as shown in Figure 1 – De

Kock, 2005), unless drastic steps would be taken

before 2007, peak demand will exceed the supply

capacity in high demand periods. 

Figure 1: Electrical demand profile for South

Africa

Various supply and demand technologies have

been identified to address the growing demand of

electricity in South Africa. Demand-side manage-

ment (DSM) is a mechanism in which a utility or

some other designated entity (Energy Service

Company – ESCO) uses funds derived from the

electrical system to modify patterns of electricity

usage, including the timing and level of electricity

demand (De Kock, 2005).

The prime objective of DSM is providing con-

stant, efficient use of electricity by managing

demand effectively. When DSM methods are suc-

cessful, the demand is more consistent and electric-

ity suppliers are better able to meet consumer

requirements. 

The influence of DSM in the reduction of peak

growth is crucial to prevent or delay the installation

of further generation capacity.

2. Energy usage in commercial buildings 
International studies have shown that, on average,

buildings account for one-third of the world’s ener-

gy consumption (Janada, 1994; Drozdov et al,

1989). 
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In developed countries, 57% of all the electricity

generated is utilised in commercial buildings. In

developing countries, commercial buildings account

for 38% (OECD, 1993) of total energy use. In

South Africa, studies have shown that 20% of the

total municipal energy is utilised in commercial

buildings (Andersen, 1993) as shown in Figure 2. 

Figure 2: Energy consumption per sector in

South African buildings

Studies done by TEMM International (Pty) Ltd.

in South Africa have shown that in the commercial

sector approximately 50% of energy is used for air

conditioning (TEMM International, 1997). Accord-

ing to the South African Department of Minerals

and Energy, this figure can be as high as 74% in

summer for temperate climates (DME, 2001).

3. DSM opportunities in commercial
buildings 
Optimistic sources estimate savings as high as 70%,

by improving design and management, as well as

retrofit projects of existing commercial buildings.

However, a more realistic figure seems to be 30%

(Bevington, 1990; Mozzo, 1998). If a 30% penetra-

tion in the industry with a 30% saving per building

could be realised in South Africa, it would result in

a significant reduction in electricity demand (Botha,

2000).

Optimising building heating, ventilation, and air

conditioning (HVAC) control provides the best

return on investment, the easiest approach to pro-

moting savings to building owners, and is also the

easiest way to implement. Such retrofit studies

would in most cases be of more value in older

buildings than in new ones. However, one must

remember that a building can be considered out-

dated even after 15 years of use (Spoormaker,

1995). Depending on the system, the maintenance

history and implementation, newer buildings may

also have potential for energy saving.

The HVAC system and energy efficiency in

buildings means reduced electricity consumption,

monetary savings for the owner and less green-

house gases being released into the atmosphere.

Although very important, energy saving measures

must never compromise indoor air quality (IAQ).

The reason is that IAQ has a direct effect on the

health and productivity of the occupants (TEMM

International, 1997; Woods, 1989). The cost asso-

ciated with poor IAQ far outweighs savings due to

reduced energy consumption (Sterling et al, 1997).

The popular belief in the past was that good IAQ

and energy efficiency were in direct conflict

(Mathews, 1996). A cost-effective way to improve

the energy efficiency of an HVAC system, without

compromising indoor comfort, is by implementing

better control (American School & University,

1997). The most effective way to predict the impact

of the system changes on the energy efficiency and

indoor comfort is with the use of computer simula-

tions (Lebrum, 1994). 

Additional to the energy savings of building

retrofits, there are various other improvements. For

a lighting retrofit it could include improved light

colour quality, and improved lighting levels. From

HVAC improvements one may find reduced run-

ning hours, improved temperature control, faster

equipment failure notification, more reliable pre-

ventative maintenance, additional safety and secu-

rity and improved information on the system (Hotel

and Motel Management, 1996). Some of these

improvements will lead to additional savings over

and above the energy cost reductions.

4. Energy usage in telecommunication
buildings 
With this investigation new ESCO procedures for

large commercial telecommunication facilities were

developed. 

A typical facility may have any of the following

energy end users:

• Switchgear – Supplies power to the building

• HVAC equipment – Ensures the correct environ-

mental conditions 

• Logistical equipment like computers, lights, ele-

vators etc.

• Telecommunications equipment

Rabie (2000) mentions that of these end-users, the

HVAC (Heating, Ventilation and Air Conditioning)

system could represent up to 55% of the total build-

ing load. This is even higher than the 50% found in

typical commercial buildings due to the constant

heat load in telecommunication buildings. 

Combined buildings are used for commercial

purposes and also contain telecommunication sys-

tems. This scenario presents a problem to the

HVAC system of the building since the equipment

needs to operate at a much lower temperature than

that which is comfortable for humans (20ºC ±

2ºC). Office areas are thus often cooled by stand-

alone air conditioning systems where centralised

HVAC plants are used for cooling equipment areas. 

A common problem in many of the buildings, is

that the equipment and building infrastructure is

old. This leads to inefficiencies in the HVAC plants

and creates a problem for the facility managers to

maintain these buildings, and also ensure minimum

energy usage. 
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5. Problems with ESCO implementations
in commercial buildings 
Most Energy Services Companies (ESCOs) do not

have the skills, nor the tools, to conduct energy

studies in buildings cost effectively. A study by Stein

(1996) identified the common mistakes that are fre-

quently repeated during energy efficiency projects.

Some of these mistakes include the selection of

inappropriate analysis tools, poor data collection,

inadequate definition of baseline, inadequate

reporting, inappropriate solutions and neglect of

interaction between building systems (Stein, 1996).

Following is a list of problems ESCOs face

implementing DSM projects in commercial build-

ings:

• Long time to perform ESCO analysis

• Low skills levels of personnel

• Lack of experience

• Lack of structured energy audit procedures

• Low availability of information and data captur-

ing 

• Lack of software tools to perform ESCO analy-

sis

• Lack of simulation of proposed retrofits and sav-

ings opportunities

• No consequential reporting

It is clear from the above problems that an integrat-

ed ESCO procedure is needed that would enable

the ESCO to accomplish a building energy audit

and retrofit/saving study in the shortest possible

time.

5. Novel ESCO procedure for
telecommunication buildings
The general energy audit procedure can be

described as follows:

• Identify the types and costs of energy use

• Understand how this energy is being used, and

possibly wasted

• Identify and analyse alternatives such as

improved operational techniques and/or new

equipment that could reduce the energy costs

• Perform an economic analysis on the alterna-

tives and determine which ones are cost effec-

tive for the business

When reading through this general procedure it

makes a lot of sense and sounds simple. Why the

need for a new integrated procedure for telecom-

munication facilities? 

Maintenance of telecommunication facilities are

often outsourced to facility managers, and usually

include energy management. Even if the telecom-

munications company performs its own in-house

energy management programme, they are still

faced with a few unique problems in the telecom-

munications environment which add to the prob-

lems already mentioned in the previous section.

• Telecommunication companies have large port-

folios of facilities and electricity is a large

expense. To generate cost savings it means that

energy management needs to be implemented

on a large amount of different building types. 

• Before energy management can be implement-

ed an energy audit is required on these buildings

that will identify the energy management oppor-

tunities. However, the only way to accurately

predict the result and effectiveness of such meas-

ures is with the use of dynamic, integrated sim-

ulation software. 

• The audit should provide the financial evalua-

tion of the proposed energy savings opportunity

and its potential DSM impact. The telecommu-

nication company can then decide if DSM fund-

ing will be applied for, or if the project will be

self-funded.

• The costs of these audits should be kept as low

as possible to ensure projects are economically

viable. Long audit times on a large scale will not

be commercially viable. 

• The potential savings opportunity should not

have any negative impact on the operational

conditions of the buildings. Many of the build-

ings are critical to the communications infra-

structure and damage to equipment and loss of

income can be incurred. 

• The ideal scenario would be if the facility man-

agement company/personnel could perform

these energy audits to save on audit costs. They

already have a presence in the buildings, and

know the detailed workings of the equipment in

the building. The majority of maintenance per-

sonnel have good technical skills, but may lack

the experience and tools to perform energy

audits in the buildings, and evaluate energy sav-

ings opportunities. The new procedure should

thus be simple enough and provide the neces-

sary tools to perform the audit. 

The new ESCO procedure was designed so that

it provides an easy-to-use and effective toolkit for

semi-skilled technicians to be able to conduct a

building energy audit. It was proven that the user

might have valuable practical experience, but has

low qualification levels. The user must build the

simulation model simply and intuitively. No intri-

cate simulation, or mathematical options, should be

set. All the standard retrofit and savings interven-

tions must be very easy to set up and analyse. This

will reduce the overhead cost of the project, as

fewer personnel would be required for the audit. 

Given the background of the telecommunication

environment and the ESCO work in South Africa it

can be stated that the primary requirements for a

new ESCO procedure are that it should be simple,

stable, and fast. The following software tools are

introduced for specific use for ESCO analyses in

telecommunication facilities:
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Data gathering software

A large percentage of the building audit time is nor-

mally taken up by the gathering of data. It also

requires various loggers, notepads, calculators, and

the like. Typically, it is a very uncomfortable experi-

ence for the ESCO. By using a PDA for the data

gathering only the required data is obtained, all the

data is stored and the procedure is made more

manageable for the ESCO. The captured data and

equipment layout is exported to the simulation soft-

ware. 

Simulation model software

The simulation model software is stable, fast, and

reasonably accurate. To achieve this, the mathe-

matical models of all the HVAC components were

simplified and verified in detail. A year-simulation is

completed in less than three minutes on a regular

personal computer (PC).

The software predicts the energy consumption

and maximum demand figures of the last year with-

in 15% of the actual figures. It must be noted that

the user is more interested in the potential savings

figure (a relative figure) than the total cost. Fluid

conditions are only required on an hourly basis.

The dynamics of the control of HVAC equipment

on a short time scale is not needed.

Retrofit and saving intervention analysis

software

The retrofit and savings analysis software uses the

verified building simulation model, and allows the

user to simulate retrofits and saving interventions

on the building. This allows the auditor to establish

what the potential savings will be, but also what the

effect will be on the operating conditions of the

building. These retrofits and interventions can now

be evaluated without testing on-site, thus further

reducing the time for the energy audit. It also means

less risk for the telecommunication company since

the retrofits and savings interventions have been

verified through simulation. 

Combinations of different retrofits and savings

interventions can be simulated to evaluate the true

effect of the combined option (it is not always just

the sum of the different retrofits and savings inter-

ventions). This can only be done using an integrat-

ed building simulation model. 

Financial analysis software

Since all these software modules are integrated, the

simulated saving from the retrofits and saving inter-

ventions are automatically imported into this mod-

ule and the financial analysis done. Calculations

such as direct payback, discounted payback and net

present value are calculated. 

Report writing software

A template is generated to which all of the simula-

tion and financial results are exported into a word

processor format. This allows the ESCO to docu-

ment the findings of the audit in much less time and

in an understandable format.

The different steps and the logical flow of the

new ESCO procedure are shown in Figure 3. 

For telecommunication facilities a standard list

of energy management opportunities was devel-

oped. The simulation and retrofit/ intervention sav-

ings software in the new ESCO procedure will be

used to illustrate how simulation techniques can be

used to evaluate energy management opportunities

in the telecommunication environment. The list of

the energy savings opportunities in tele-communi-

cation facilities has been compiled by practical

investigation. 

• Retrofitting the building envelope to improve

efficiency

• Verification of municipal meter calibration and

meter type (accuracy of meter) 

• Tariff structure – Is the optimal tariff structure in

use? 

• Power factor correction – Opportunities for

power factor correction?

• Lighting upgrade – Replace old inefficient light-

ing

• Lighting control – Prevent energy wastage when

not required 

• Optimal fan scheduling and control 

• Changing temperature set points back to design

conditions

• Temperature set point setback when cooling

requirements change

• Economiser control – Ensure that already

installed energy savings are working according

to design

• Verify control system operation – Re-commis-

sion to design conditions

• Replacement of old redundant HVAC systems

with new units

• Identifying inefficiency in the HVAC system

• Heating plant control

These and other energy savings opportunities have

been applied in several case studies, of which one

case study is described in the following section. 

6. Case study 
The new ESCO procedure was implemented on a

large commercial building within the telecommuni-

cation environment. 

The building forms part of a Head Office com-

plex of buildings of a large communication service

provider. The Head Office complex was chosen for

this audit since the Head Office group of buildings

has an annual electricity cost of more than R14-mil-

lion per annum. The building was chosen because

it represents a typical large commercial building in

the telecommunications portfolio. 
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Figure 3: The new ESCO audit procedure for telecommunication facilities

STEP 2:

GATHER PRELIMINARY

BUILDING INFORMATION

Obtain contact details
of building owner and

maintenance
personnel

Arrange for initial and
measurement site

visits

Enquire on operational
condition of HVAC

system

Obtain building
drawings

Obtain HVAC system
drawings and
specifications

Obtain electrical
accounts and tariff

information

STEP 3:

WALKTHROUGH VISIT TO

BUILDING

Arrange maintenance
personnel to be
available for the

walkthrough visit to
building

Verify municipal meter
number and type

Discuss process with
building manager

Connect power
measurement

equipment on main
incomer

Connect climate
measuring equipment

Verify building and
HVAC system

drawings

STEP 4:

CUSTOMISE DATA

ACQUISITION SOFTWARE

Customise Building
Zones

Customise Water-
Circuit

Audit the zones and
enter the information

Audit the HVAC
equipment and enter

the information

Customise Air-Circuit

STEP 5:

ON-SITE DETAIL

MEASUREMENTS

Audit the HVAC
equipment controls

and enter the
information

Measure total building
electricity demand

(kWh,kVAh )

Measure Climate data

Download data from
the PDA

Configure tariff
structure and rates

STEP 6:

CONFIGURE BUILDING

SIMULATION MODEL

Specify climate data

Configure component
schedules

STEP 7:

CALIBRATE BUILDING

SIMULATION

Enter the calibration
data

Run calibration
simulation

Compare total building
electricity demand to

simulation

STEP 8:

VERIFY BUILDING

SIMULATION

Run whole year
simulation

Verify energy
consumption and

maximum demand

Compare total building
electricity demand

STEP 9:

RETROFIT SIMULATION

STEP 10:

ECONOMIC ANALYSIS

STEP 11:

GENERATE FINAL REPORT

Schedule and control
changes

Equipment
replacement

STEP 1:

DECIDE ON BUILDING TO

AUDIT



6.1 Building information

The most important building and HVAC system

information that was gathered are summarised in

Table 1.

Table 1: Building description

Building description Commercial building

Number of floors 27

Total floor area 24 000m2

HVAC system Multi-zone

Cooling plant Watercooled, screw

Cooling capacity 4.530 KW

Heating plant Electrical boiler

Heating capacity 0

Air distribution Variable Air Volume 

Constant Air Volume

Control System Building Management System 

6.2 Building simulation model 

The simulation program has a maximum of 12

zones that can be used in the simulation model.

This forces the user to simplify the simulation model

if the building has a more complex HVAC system. 

The focus of the simulation was on the main Air

Handling Units AHUs on the 15th and 27th floors.

These units, together with the chilled plant, are the

main energy consumers of the HVAC system. The

other installed fans in the building are small com-

pared to the main units, and the various fan coil

units are additional load on the chilled plant.

Therefore, the building was divided into seven

zones. Figures 4 and 5 show schematic drawings of

the simulation model – water-circuit and air-circuit.

6.3 Calibration building simulation model 

The ‘calibration’ simulation ensures that the current

status of the building will be simulated correctly, so

that cost savings predictions are realistic. The model

is considered calibrated when the predicted daily

demand load is within 10% of the measured value

– 80% of the time. 

The calibration simulation compares the total

building energy consumption over a weekday,

Saturday and Sunday, to measured energy values.

The total actual building energy consumption for

these day types was measured during on-site detail

measurements. One calibration climate input is

used for the three simulated days. Figure 6 shows

the simulation results for a typical weekday. This,

and similar results for Saturdays and Sundays,

prove that accurate results were obtained. 

For all three day types, the simulated results

were within the benchmark of 10% of measured

values, for 80% of the time. 

6.4 Verification building simulation model

The verification study is performed in order to ver-

ify the accuracy of the simulation model’s energy

consumption over a typical year. The verification

simulation compares the simulated average season-

al energy consumption and maximum demand to

the actual building data. The measured data was

obtained from trended measurements on the build-

ing management system (BMS). The verification

results are shown in Table 2. 

48 Journal of Energy in Southern Africa  •  Vol 19 No 1  • February 2008

Figure 4: Simulation model: water-circuit
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Figure 5: Simulation model: air-circuit
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Table 2: Verification study outputs

Summer Winter

Total seasonal energy consumption (MWh)

Simulated 14 150 5 870

Measured 14 353 6 010

Error (%) 1 2

Average season maximum demand (kW)

Simulated 2 632 2 254

Measured 2 560 2234

Error (%) 3 1

It can be seen that the annual simulated values are

very close to the actual measured values. This can

be expected due to the good calibration results

obtained in the previous step. This shows that the

simulation model, weather and other seasonal data

used in the simulations are accurate enough to pro-

ceed with the retrofit and saving intervention analy-

sis. 

6.5 Retrofit and saving intervention

simulations

To determine the largest energy users in the build-

ing, an end-user energy cost breakdown is simulat-

ed and shown in Table 3.

Table 3: Building energy cost breakdown

Description Energy Cost (R) R/kWh % of 

(MWh) total

HVAC system 8 170 1 612 464 0.12 46

Lights 7 288 1 438 463 0.12 41

Other 2 391 471 996 0.12 13

Total 17 850 3 522 923 0.12 100

Since the biggest savings opportunity exists on

the HVAC system, the contribution of the different

HVAC components is also calculated and shown in

Table 4. The highest energy consumers will have

the biggest potential for energy cost savings. If the

contribution of each energy user had to be meas-

ured this would have been a very lengthy process.

Because of the accurate building simulation model

the end-user contribution could be simulated. 

Table 4: HVAC system energy cost breakdown

Description Energy Cost (R) R/kWh % of 

(MWh) total

Cooling 4 143 817 717 0.1201 51

Heating 0 0 0.1201 0

Ventilation 2 143 423 029 0.1201 26

Pumping 1 883 371 719 0.1201 23

Total 8 170 1 612 464 0.1201 100

From the tables it is obvious that the HVAC and

lighting systems are the biggest consumers, and thus

present the biggest opportunity for savings. The dif-

ferent retrofit and saving interventions are described

in more detail below.

Verification of tariff structure and metering

The building group is currently on a standard two-

part tariff. This means that the user is billed for total

kWh used during the month, the maximum

demand recorded and service charges. There are

no time-of-use periods and thus energy is charged

at a flat rate. 

The building simulation model was used to sim-

ulate the electricity costs should the building be

changed to the time-of-use tariff. The study showed

a 3% increase in the electricity costs should the tar-

iff be changed. It would thus not be advisable to

change the building to a time-of-use tariff structure.

Power factor correction

The current power factor of the building is approxi-

mately 0.8. This is a low power factor but the

municipal meter measures several buildings of

which this is only one of the buildings. At this

municipal supply point the power factor is 0.94,

and thus rather good. 

Verify temperature set points

In commercial buildings the zone temperature set

points are seldom out-of-range, or something that

cannot be changed much. The buildings tenants

complain on a daily basis about too warm or too

cold conditions, and the optimum set point that

suits everybody is difficult to find. It can be stated

that the set points in commercial buildings are self

regulatory due to the human comfort element.

Verify control system operation

During the investigations, several problems were

found with the HVAC control system. These prob-

lems were immediately rectified, which meant bet-

ter IAQ and lowered power consumption. Since

these problems were corrected as part of the normal

responsibility of the maintenance company, these

changes were not quantified as separate interven-

tions. 

Figure 6: Weekday calibration simulation

results

0

500

1000

1500

2000

2500

3000

1 3 5 7 9 11 13 15 17 19 21 23

Simulated
Measured



Fan scheduling at night

For this intervention the ventilation fans were

turned off at night when the building is unoccupied.

The assumption was made that these times are from

18:00 to 04:00. The working hours of the occu-

pants of the building are from 07:00 to 16:00. It was

therefore assumed that turning the fans off at 18:00

would be safe. Also, turning the fans on at 04:00

should have the zones at the correct temperature

when the occupants arrive. The scheduling times

used are shown in Table 5.

Table 5: Fan scheduling times

Weekday Saturday Sunday

00:00-04:59: OFF 00:00-05:59: OFF 00:00–23:59: OFF

05:00-17:59: ON 06:00-13:59: ON

18:00-23:59: OFF 14:00-23:59: OFF

The simulation program showed that all zones

were on set point temperature in the morning at the

start of office hours. The simulation also showed

that the temperatures in some of the zones become

high during the night when the fans were switched

off. Figure 7 gives the simulation temperature out-

put for a summer weekday (worst case scenario).

Figure 7: Fan scheduling at night – Simulated

zone temperatures

The total seasonal reduction of the building due

to the fan scheduling at night is shown in Table 6. It

is interesting to note that this intervention will have

no effect on the Maximum Demand (MD) of the

building, since the MD always occurs during the day

when the building is occupied and, therefore, max-

imum energy usage.

Table 6: Results – fan scheduling at night

Reduction

Total summer Total winter Annual 

season season

kWh 1 522 106 11% 278 809 19% 9%

MD 0 0% 0 0% 0%

During the day the fans were turned off for sim-

ilar times as for the previous intervention, but the

assumption was made that on Saturdays the fans

could be turned on again at 05:00 and switched off

at 14:00. On Sundays, the fans were turned off for

the whole day. The total seasonal reduction due to

the fan scheduling at night and on weekends is

shown in Table 7.

Table 7: Results – Fan scheduling at night and

weekends

Reduction

Total summer Total winter Annual 

season season

kWh 2 009 650 14% 399 875 7% 12%

MD 0 0% 0 0% 0%

This and the previous intervention will be sub-

ject to approval from the building owner. The off-

periods of the fans can easily be changed and re-

simulated should the building owner not agree with

the time periods. 

Economiser enthalpy control 

The building is currently operating economisers

with temperature control logic. However, the study

showed that many of the dampers appeared to be

out of order. Economisers operating on enthalpy

control could save more energy, because it also

takes into account the latent heat of the air. For this

intervention, the economisers were simulated on

enthalpy control. The total seasonal reduction due

to the economiser enthalpy control is shown in

Table 8.

Table 8: Results – economiser enthalpy control

Reduction

Total summer Total winter Annual 

season season

kWh 94 063 1% 50 0% 0.5%

MD 794 4% 0 0% 3%

It can be seen that the majority of savings will be

achieved in the summer since the cooling load is

more than in winter months. 

Installation of evaporative coolers

Evaporative coolers cool the air by evaporating

water into the air. The advantage of this is that it

uses very little energy, and removes some of the

cooling load from the chillers. Figure 10 shows the

temperature of the zones predicted by the simula-

tion program with the installation of evaporative

coolers.

It can be seen that the zone temperatures are

kept between at 23ºC and 25ºC as required. The
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total seasonal reduction due to the evaporative

coolers is shown in Table 9.

Table 9: Results – installation of evaporative

cooler

Reduction

Total summer Total winter Annual 

season season

kWh 793 106 6% 266 437 5% 5%

MD 1 127 5% 835.64 9% 7%

Scheduling of lights at night

For this intervention, the lights are switched off at

night, for the same period as for the fan scheduling.

This intervention does not assess the influence of

energy efficient lighting, but uses the current lighting

system in the building. The total seasonal reduction

due to the scheduling of lights at night is shown in

Table 10.

Table 10: Results – light scheduling at night

Reduction

Total summer Total winter Annual 

season season

kWh 2 713 714 19% 904 263 15% 18%

MD 0 0% 0 0% 0%

It is important to note that this intervention will

have no effect on the MD used by the building,

since the MD always occurs during the day when

the building is occupied. It is important to note that

since the building model is an integrated simulation

model, the effect on other building systems is also

calculated. Heating load in the zones was reduced

by scheduling the lights and the savings will include

kWh savings due to the reduced load on the HVAC

system. 

Lights scheduling nights and weekends

For this intervention, the lights are switched off for

the same time during weekdays, Saturdays and

Sundays as for the fan scheduling intervention. This

intervention also does not assess the influence of

energy efficient lighting, but uses the current lighting

system in the building. The total seasonal reduction

due to the scheduling of lights at night and week-

ends is shown in Table 11.

Table 11: Results – Light scheduling night and

weekends

Reduction

Total summer Total winter Annual 

season season

kWh 3 619 758 26% 1 257 285 21% 24%

MD 0 0% 0 0% 0%

Combined retrofits and savings interventions

The combination of all the retrofits and savings

interventions mentioned above, will obviously pro-

vide the biggest saving. The integrated simulation

results of the combined savings are in Table 12.

Table 12: Results – combined retrofits and

savings interventions

Reduction

Total summer Total winter Annual 

season season

kWh 4 574 097 32% 1 657 493 28% 31%

MD 1008 5% 734 8% 6%

The relative savings are impressive but do not say

much until converted into monetary value, and

compared to the implementation costs. The finan-

cial analysis will be discussed in the next section. 

6.6 Financial analysis

Numerous retrofit and savings interventions were

investigated through simulation. In the previous

section, the kWh and demand reduction percent-

ages were calculated. The combined percentage

reduction in kWh and demand does not directly

relate to the total percentage cost savings. The actu-

al percentage cost savings is shown in Table 13. 

The cost calculations are based on an active

energy cost of 12.01c/kWh, and MD of R51.51.

The only user inputs required for the financial

analysis is the project cost. It is assumed that the

scheduling of the equipment will have zero capital

input, as an existing maintenance contract on the

BMS will be able to implement these retrofits and

interventions. For practical purposes, it was

assumed that capital costs would be covered by a

loan with an interest rate of 12% per annum. 

It can be seen that the combined retrofits and

interventions will have a 21% reduction in annual

electricity costs. The financial analysis is shown in

Table 15.
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Table 13: Electrical cost saving

Description Simulated Annual cost % 

annual cost (R) savings (R) savings

Base-year 3 956 038 - -

Economiser 3 903 903 52 135 1%

Enthalpy control

Fan schedule 3 762 713 193 325 5%

night

Fan schedule 3 692 258 263 780 7%

night & weekend

Light schedule 3 536 268 419 770 11%

night

Light schedule 3 371 383 584 655 15%

night & weekend

Evaporative 3 727 703 228 335 6%

cooler

Combined 3 117 916 838 121 21%

In Table 12, the annual kWh reduction for the

combined retrofits and savings interventions were

shown. The DSM effect of the combined retrofits

and savings interventions is calculated in Table 14. 

Table 14: DSM effect on building energy and

demand

Total summer Total winter Annual Daily

season season reduction average kW

reduction reduction (kWh) reduction

(kWh) (kWh)

4 574 097 1 657494 6 231 590 721 kW

7. Conclusion 
The new procedure was applied to several case

studies, in order to verify that the objectives have

been achieved. It was shown that the new ESCO

procedure fully addresses the specific requirements

of telecommunication facilities. Some of the specif-

ic outcomes of the application of the new procedure

on several case studies were the following:

• The procedure was proven to be feasible for a

large and diverse portfolio of buildings. 

• The audit times for performing an energy audit

and building simulation was reduced dramati-

cally. 

• The improved data capturing procedure ensures

that only relevant data is recorded. 

• Different configurations of HVAC systems found

in telecommunication facilities were successfully

simulated.

• The simplified simulation building model was

proven to be accurate. 

• Retrofits and savings intervention simulations

were performed on the building model to evalu-

ate savings opportunities.

• DSM potential was simulated to evaluate the

possibility of DSM programme funding.

• Lower qualified personnel could be used to per-

form the data capturing, simulation and savings

analysis. 

It was proven through implementation that the new

ESCO procedure is successful in solving the unique

problems experienced in performing ESCO analy-

ses for tele-communications facilities. 
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