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In a recent case, a company was planning an energy reduction 
programme and also expansion of their operations. The load 
reduction, due to the intervention of heat pumps and efficient 

lighting replacements, resulted in sufficient electricity load reduction 
to eliminate the need to request, from Eskom, an increased electricity 
supply allocation, avoiding the possibility of subsequent associated 
capital expenditure and implementation delays. 

There is normally a debate concerning a choice between solar 
water heating (SWH) and heat pumps when considering hot water 
energy savings programmes. The choice eventually depends on space 
and aesthetic constraints as well as the effect on load reduction since 
the SWH system normally requires ‘electrical top-up’ which negates 
the savings of reduced load demand.

Essential factors to be determined in the design and installation 
of a heat pump energy saving proposal are discussed in this article 
- using the completed heat pump installation at ‘Jhb Hotel & Confer-
ence Centre’. The installation has been supplemented in two areas 
by adding a custom designed PLC.

By following a particular sequence of operations and methodol-
ogy, a soundly structured energy saving solution can be achieved.

Project objective

Electricity consumption is high due to the hot water consumption at 
different buildings of the venue and the relatively old technology, 
resulting in high energy demand cumulating into high annual energy 
consumption bill. If this energy consumption is reduced without any 
interference with the activities and operation of the company, this will 
go a long way in the reduction of the client’s monthly expenditure 
and Eskom will be able to meet other power demands and needs. 

The objective of the project is to measure and verify the energy 
consumption, demand, and energy cost savings, as well as emission 
impacts, due to the introduction of a new water heating technology 
called ‘heat pump’. The impacts need to be determined to verify the 
cost savings for ESCO, as well as the Energy efficiency and DSM im-
pacts obtained for Eskom, and the client. The impact being proposed 
by the ESCO is a 266 kW reduction in the peak maximum demand. 

The project will be sponsored by Eskom IDM and Jhb Hotel and 
the field work will be done by the approved ESCO.

Site survey

The Jhb Hotel and Conference Centre is a four-star hotel located just 
north of the business and commercial district of Sandton in Johan-
nesburg, South Africa. The hotel features a total of 260 comfortable 
and neatly decorated guest rooms. The rooms are located in smaller 
accommodation blocks, scattered around the hotel’s pretty land-
scaped gardens and grounds. 

Guests of the Jhb Hotel will appreciate the leisure facilities that are 
on offer. These include a couple of swimming pools, tennis courts, a 
gym and an in-house spa. Guests can also enjoy scenic walks around 
the hotel’s beautiful gardens.

An installation/ audit check list is essential to complete in order 
to ensure that the final solution not only meets the required saving 
Objectives but also delivers a hot water supply to meet the needs of 
the particular establishment. An installation may meet all the criteria 
of the Eskom post-installation M&V findings but still not meet the par-
ticular hot water needs of the hotel, mine or residential block of flats.

In many cases, by talking to the maintenance person and tenants 
it is found that the existing hot water supply is not adequate. In these 
instances it is not prudent to install a heat pump solution which is 
going to provide the landlord with savings but leave the tenants in a 
similar or even worse hot water supply situation without first mak-
ing the owner aware of the implications.(Invariably the heat pump is 
blamed for not improving the situation).

The implications mean that the project capital cost will increase, 
the electricity Bill will not reduce by as much as was initially expected 
but the comfort level of the users will improve. If the appropriate 
decision is not made by the owner before the project starts, initial 
expectations will not be met and could even result in the owner de-
manding his money to be refunded and the heat pump installation 
removed. It is essential that the owner signs-off the installation audit 
and is made aware of any possible consequences.

Installation/ audit check list

• Hot water application and final temperature
• Current condition and age of boilers
• Copper or galvanised pipe work
• Existing DB supply capability
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Implementing energy savings programmes using heat pumps, introduced either on their own, or as part of a programme incorporating energy 

efficient lighting and other approved Eskom funded interventions, can create other opportunities besides the proposed benefits of reduced 

electricity bills. 
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DB  – Distribution Board
DSM  – Demand Side Management
ESCO  – Energy Service Company
GPRS  – General Packet Radio Service
IDM  – Integrated Demand Management
M&V  – Measurement & Verification
PLC  – Programmable Logic Controller
SMS  – Short Message Service
SWH  – Solar Water Heater
TUT  – Tshwane University of Technology

Abbreviations 

The project was evaluated with a  

performance of 100% against the proposed target of  

266 kW peak demand savings.

• High low pressure water system
• Ring main pipe size and length of run
• Insulation on existing ring main
• Boiler temperature setting in summer and in winter
• Peak shower times and average length of Shower
• Existing shower head flow rate
• Number of shifts and start/finish time
• Number of showers and baths 
• Suitable area close to boiler room
• Access via truck or crane to position heat pump
• Security fencing required around heat pump
• Noise level from heat pump on surrounding rooms
• Suitable terrain for heat pump concrete plinth and drainage
• Electric cable, gas and water line proximity to heat pump place-

ment

• Stable voltage supply, spikes, lightning outages
• Dusty surrounding eg coal mines
• Environmental impact on service and maintenance contract
• Record simultaneously boiler temperature and last temperature 

on ring main 
• Record actual boiler element wattage connected , not only boiler 

KW rating
• Determine a representative data logging procedure

Data logging – Jhb Hotel

Data logging was done in conjunction with Eskom in order to de-
termine a representative sample (+20%) in order to determine the 
reduction in load as well as the load factor. The Data Logging results 
for two 5 000 l boilers are shown in Table 1. These results were ex-
trapolated in order to select suitable heat pumps to meet the project.

The data logging in Table 1 was done at the hotel and is repre-
sentative of what should be pre sented to Eskom if an Eskom funding 
programme is to be used. Data from the two 5 000 l boilers represent 
20% of the total Jhb Hotel load, operating at a load factor of 60%.
This data was extrapolated to complete the total requirements for 
Jhb Hotel.

The data logging results are used with the ‘Heat Pump System 
Design Calculator’ shown in Table 2 by proceeding as follows:
Enter the relevant parameters and the Design Calculator (see Table 2)  
will determine:
• Boiler energy consumption
• Heating time required 
• Boiler heating flow rate

This data is used to select a Heat Pump suitable to supply the 
required heat energy even under cold ambient air temperatures 
experienced during mid-winter.

The heating time result must be compared with the data logging 
load factor. The boiler daily usage is then adjusted to match the data 
logging load factor. The heating flow rate is important when selecting 
a heat pump for multi-shift operations such as mine change houses 
in order to ensure recovery time is achieved so that the boilers are at 
the required temperature at the end of the shift when shift workers 
will occupy all the available showers on a continuous basis.

Once again, the calculator can determine the amount of energy 
required for a specific volume of water. This is particularly useful 
when faced with designing a system for a new development where 
no water usage track record is available or data logging can be done. 
By using the average hot water usage per person, number of users, 
expected heat losses and extreme low temperatures experienced at 
the particular site, the quantity of suitably sized heat pumps can be 
calculated.

Feeder 2*48kW Water Heater 

Graph Statistics Recording Start 20-Aug-10 11:03:00 17.0 Days 

Recording End 06-Sep-10 11:57:00 408.9 Hours 

Phase Voltage Phase A Maximum Va 04-Sep-10 2:05:00 237.9 V 

Phase B Maximum Vb 04-Sep-10 2:05:00 239.1 V 

Phase C Maximum Vc 04-Sep-10 2:05:00 238.0 V 

Line Voltage Phase AB Maximum Vab 04-Sep-10 2:05:00 413.0 V 

Phase BC Maximum Vbc 04-Sep-10 2:05:00 413.1 V 

Phase CA Maximum Vca 04-Sep-10 2:05:00 412.1 V 

Current Phase A Maximum Ia 06-Sep-10 0:40:00 136.3 A 

Phase B Maximum Ib 05-Sep-10 23:01:00 136.4 A 

Phase C Maximum Ic 06-Sep-10 0:39:00 137.9 A 

Active Power Phase A Maximum 06-Sep-10 0:39:00 32.129 kW 

Phase B Maximum 05-Sep-10 23:01:00 32.400 kW 

Phase C Maximum 06-Sep-10 0:39:00 32.561 kW 

Apparent Power Phase A Maximum 06-Sep-10 0:39:00 32.130 kVA 

Phase B Maximum 05-Sep-10 23:01:00 32.402 kVA 

Phase C Maximum 06-Sep-10 0:39:00 32.562 kVA 

Maximum 
Demand kW 

Active Power 05-Sep-10 23:01:00 96.977 kW 

Maximum 
Demand kVA 

Apparent Power 05-Sep-10 23:01:00 96.977 kVA 

Power Factor 1.000 

Energy Active Energy 23666.7 kWh 

Projected kWh for 
Month 

42135.87 kWh 

Load Factor kW (Avg kW)/(Max kW) 0.597 % 

Load Factor kVA (Avg kVA)/(Max kVA) 0.597 % 

Table 1: Data logging – Jhb Hotel.
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Heat Pump System Design and Selection

The extrapolated data logging results of Table 1, with the energy 
calculator, were then used to select the correct heat pumps for the 
Jhb Hotel solution. Table 2 shows the calculator inputs and the results 
which were then used to determine the total project cost, savings and 
payback as shown in Table 3.

Savings and payback presentation

Annual MWh Saving ESCO Std 
Product

Std Offer No  
Funding

1 431 1 356 1 023 1 240

KVA Demand Saving pm 269 250 269 269

Annual Saving (R000's) 817 800 798 768

Project Cost (R000's) 1 620 1 620 1 620 1620

Eskom Rebate 1 280 1 050 1 280 N/A

Net Customer Cost 340 570 340 1620

Customer Payback (months)   5,0 8,6 5,1 25,3

NOTE: STANDARD OFFER - savings for weekdays between 06h00 and 22h00. Eskom rebate 
paid 70% on completion of Project and the rest over three years. The ESCO and Standard 
Offer programmes incur penalties dependent on the accuracy of the initial proposal and 
on subsequent annual M&V results.

Table 3: Jhb Hotel results using different Eskom programmes.

Table 3 compares results for different funding methods resulting from 
the logged data measured at Jhb Hotel. The various models use differ-
ent methods of calculating savings. For example, ‘standard product’, 
in its Eskom Toolkit, uses the heat pump manufacturer’s specified 
power input data and its own developed formulae for calculating sav-
ings and rebates and only allows savings up to a maximum of 250 kW.

The ‘no funding’ model shows the expanded results from the heat 
pump design calculator (see Table 2). This calculator takes into ac-
count installed actual heat pump performance and SABS test results, 
across an ambient temperature range of 5 to 40°C. It is also designed 
to be more conservative by 5 to 10% than the Eskom. 

Presenting a customer with the various options, allows the cus-
tomer to make an informed decision taking into account the various 

time constraints and administration involved of the various funding 
models.

Post-implementation actions

• Adhering to the checklist at the time of audit would have pre-
vented the following remedial action in terms of the customer 
needs even though the installation conformed 100% to Eskom 
requirements.

• Boiler temperature gauges indicated maximum temperature of 
60°C. Subsequent measurements showed actual temperatures 
of 70°C

• Since the heat pumps do not provide water temperatures above 
60°C, the temperature losses in certain of the long, uninsulated 
ring mains resulted in too low (42°C) temperatures being delivered 
to guest rooms at the furthest end of the ring main.

• To rectify the situation particularly during winter conditions, 
either a costly new ring main with possible intermediate extra 
heat pump or other methods could be utilised.

• The most cost effective solution, versatile enough to be easily set 
to manage the supply of sufficient hot water at crucial areas, whilst 
taking cognisance of Eskom time of use tariffs and maximum 
demand requirements, was the reason that the control module 
was developed

Optional additional control – PLC control module

Intelligent boiler controller for heat pump integration – 
high level

The Intelligent Boiler control system facilitates the control of boilers 
and allows the user to seamlessly switch between heat pump heat-
ing and immersion element heating based on parameters that are 
custom programmable. This system also automatically will switch 
power to the elements should the heat pump fail, thus always ensur-
ing that the water in the boilers is hot. The PLC is configured to also 
work with a remote monitoring and reporting system which will send 
Alarm notifications should the temperature fall below a certain point, 
or power failure, or even if the pressure in the system falls below 
the set parameters (possible leak or mains failures). The monitoring 
system sends a weekly report of temperature and pressure curves 
and summary of any flagged events. The monitoring system also has 
a back-up battery and operates via GPRS.
• PLC control module in weather proof box
• Programming of system to user defined parameters
• Installation of relays and contactors 
• Installation of control and signal cabling
• Reporting system with sms notification 
• Installation of remote GPRS reporting and monitoring system

Intelligent boiler controller for heat pump integration – 
low level

• Alarm for power failure
• Alarm for switch over
• PLC control module in weather proof box
• Switch over to elements for heat pump not heating up, basic temp 

control 
• Boost temp above 55 degrees to 70 degrees.
• Alarms to be sent via three sms’s to a defined number and one 

email
• No digital read outs; no reporting
Examples of instances where addition of the PLC module proves to 
be invaluable:
• The module provides a cost effective solution where long ring 

ENTER

60 Required operating temperature Heat Pump Flow Rate (L/h)

14 Ambient temp. Model 20deg.C 5deg.C 20deg.C

54 Electricity Tariff (CENTS/kWh) KF - 80B 85 60 75

48 Electricity Tariff (CENTS/kWh) KF - 120B 120 80 100

5000 Boiler daily usage (Litres) KFRS - 10 241 161 181

1535 Heat Pump Input Power (kW) KFRS - 20 387 259 290

33.68 Demand Charge (Rand/kVa/m KFRS - 35 780 484 569

KFRS - 45 939 563 685

RESULTS KFRS - 55 1169 701 842

48 Boiler Element Rating (kW) KFRS - 70 1500 900 1065

268 Daily Energy Required (kW) KFRS - 90 1879 1127 1334

268 Daily Boiler Energy Output (kW)

5.6 Heating Time Required (Hours)

897 Boiler Heating Flow Rate (L/h)

268 Daily Electricity Usage (kWh)

1091 Demand Savings/m

4337 Boiler Consumption Cost/m Average Hot water usage

per Day per Person

1735 Heat Pump Consumption Cost/m LOW 30 Litres

MEDIUM 60 Litres

44316 Annual Saving using a Heat Pump HIGH 90Litres

Table 2: Heat pump system design calculator.
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mains result in users at the end of the line experiencing luke-warm 
water

• In cases where a site undergoes frequent power outages, mainte-
nance personnel often forget to reset the new heat pump circuit 
breaker with the result that a cold water situation is detected too 
late (eg end of shift on mine change house). The module sends 
sms or email notification instantly so that corrective action can 
be taken timeously

• The Module can be connected to three independent boiler/heat 
pump systems simultaneously providing a solution as low as 2% 
of the project cost

Conclusion

The conclusion from the post-implementation M&V performance  
assessment Report on Jhb Hotel, compiled by Eskom approved M&V 
practitioner, Tshwane University of Technology (TUT) is as follows:

‘The project - as implemented by ESCO Voltex and measured and 
verified by TUT team - was evaluated with a performance of 100% 
against the proposed target of 266 kW peak demand savings’.

If the guidelines are followed using quality heat pumps together 
with acceptable installation practice, your customer should have 
an energy saving installation that meets the project objective in all 
respects.
Note: ‘Jhb Hotel & Conference Centre’ has been substituted for the 
hotel’s real name.
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