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Abstract 

South Africa’s Integrated National Electrification Programme provides low-income households with a free 

20-Ampere electricity supply connection. Many of these households persist in using solid and liquid fuels 

like wood, coal and paraffin for heating and to a lesser degree for cooking. It is generally held that the use 

of dirty, less convenient fuels persists because they are less more affordable, but the restricted electricity 

connection also limits the type and number of appliances which can be used simultaneously. The 

implications of these restricted connections are explored in this paper with a mixed integer programming 

optimization model. Household appliances are ranked according to their priority, and scheduled according 

to the lifestyle and needs of the household members. Three scenarios encompassing the range of appliance 

power ratings are considered. It is found that the 20-Ampere electricity supply does indeed restrict the use 

of appliances with medium and high-power ratings in peak evening periods. There is no such restriction for 

energy efficient or small appliances. Increasing the electricity connection to a 40-Ampere supply alleviates 

all restrictions. As low-income households become more affluent, they need to upgrade their electricity 

connection in order to make use of more diverse energy services.  

Keywords 
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1. Introduction
Access to energy is essential for human development, and electricity is the most desirable energy carrier. In a study 

of over 100 countries, Ferguson et al. (2000) found that there is a stronger correlation between electricity use and 

Gross Domestic Product (GDP) per capita than there is between total primary energy use and GDP per capita. At the 

household level, the use of electricity is preferable because it is a cleaner, more convenient energy source than the 

solid and liquid fuels that are used when electricity is either not available or not affordable. Electricity avoids the 

safety hazards of inferior fuels, like risk of burns, poisoning of children drinking paraffin, and injury during fuel 

collection (WHO, 2014). Moreover, electricity is the only domestic energy carrier which releases zero emissions in 

the home, and so is the most effective way to address the approximately 2 500 premature deaths per year in South 

Africa due to indoor air pollution from household fuel burning (Norman et al., 2007). 
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Recognising the benefits of electricity, South Africa has embarked on an ambitious Integrated National Electrification 

Programme (INEP). Access to electricity has been improved from 36% of households in 1994 to 84% of households 

in 2016 (Stats SA, 2017). The aim of the INEP is to provide access to electricity for all households in South Africa by 

2025. However, as the size of supply provided to households increases, so does the cost of the network connection. 

Households connected to the grid through the INEP have three supply options: 1. A 20 Ampere supply which is usually 

free; 2. A 40 Ampere supply which has a R600 connection fee; and 3. A 60 Ampere supply which is not covered by 

the Department of Energy’s (DoE’s) subsidy and for which the full costs of the connection need to be paid for by the 

households. The DoE has selected the 20 Amp supply as the minimum supply size necessary to meet the demand in 

newly electrified rural areas (DoE, 2016).   

 

In many municipalities, only households with the 20 Amp connection are classified as indigent and qualify for the 

free basic electricity allowance (usually of 50 kWh per month). Indigent households are also often charged a cheaper 

rate for their electricity consumption in excess of 50 kWh. However, these low-cost connections have only partially 

converted households to using electricity. Alternative energy carriers are still used for cooking by 25% of households 

in Mpumalanga and 41% of households in Limpopo, for example. Nationally, 37% of households use solid and liquid 

fuels for heating in winter (StatsSA, 2017). It is speculated that other fuels like wood are preferably used by some 

households because they are accessible and more affordable (StatsSA, 2017).  

 

While it is well documented that use of electricity only increases as household income increases (Hosier and Dowd, 

1987; Leach, 1992), the restricted electricity supply connection also limits the type and number of appliances that can 

be used simultaneously. The 20 Amp connections may to some degree limit activities which household members can 

undertake, justifying their perception as “poor connections for poor people” (DME, 2001). In this paper, we explore 

what the implications of a restricted electricity supply are for a household, and the extent to which the 20 Amp 

restriction may be inhibiting a household’s transition away from using less desirable fuels.  

 

2. Proposed optimisation model 
In this research, a binary linear programming model is presented. The proposed model addresses the household 

appliances scheduling problem with the objective of maximizing the fulfillment of the appliances’ schedule, with 

preference given to higher priority appliances. The household appliances scheduling problem is concerned with the 

decision of selecting an optimal on/off status for each home appliance over the week. A main concern of the proposed 

model is handling electricity supply connection restrictions. In order to consider the consumer’s preferences and living 

style, an operating time window is defined for each load. The load can be turned on at any time during the operating 

time window. Furthermore, a preference weight (priority) is nominated for each appliance, where the appliances with 

higher preference weights are to be scheduled as much as possible.  

 

The proposed model considers a sampling time (Δt) of 10 minutes, a day time (T) of 24 hours (144 time-slot per day) 

and a week time horizon (D) of 7 days. Table 1 summarizes the indices, parameters and decision variables used in the 

proposed model. 

Table 1. Notation summary 

Notation Description 

Indices: 

𝑑 Index of week day, d = 1, . . . D, where D is the full week horizon. 

𝑖 Index of home appliance, I is the total number of appliances. 

𝑡 Index of time/ time slot, t = 1, . . . T, where T is the full day horizon. 

Parameters: 

𝑊𝑖 Preference/priority weighting factor for appliance i to be scheduled. 

𝑃𝑖  The rated power of appliance i. 

𝐸𝐶𝐵𝐿 The electric circuit breaker load limit. 

𝛥𝑡 The sampling time. 

𝑁𝑑,𝑖 The required number of time slots to complete the normal operation of appliance i on day d. 

𝑆𝑑,𝑖 The start of the preferred time interval for operating the appliance i on day d. 
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𝐸𝑑,𝑖 The end of the preferred time interval for operating the appliance i on day d. 

𝐹𝑟𝑒𝑞𝑖 The frequency of operations of appliance i a week (times/week). 

Main decision variables: 

𝑥𝑑,𝑖,𝑡 A binary variable represents the optimal ON/OFF status of appliance i on day d at time t. 

Auxiliary decision variables: 

𝑙𝑑,𝑡 A real value represents the total consumed electrical power or load on day d at time t. 

𝑀𝐸𝐶 The estimated electricity cost/bill for the electricity consumption per month. 

𝑦𝑑,𝑖 A binary variable which equals 1 if appliance i is scheduled to be ON, on working day d, and 0 

otherwise. 

𝑢𝑑,𝑖,𝑡 A binary indicator function to guarantee uninterruptible operation. 

 

The proposed binary programming model for the household appliance scheduling problem considering maximizing 

the fulfillment of the appliances’ schedule under electricity supply connection restrictions and consumer preferences 

can be formulated as: 

 

The objective function is to: 

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒 ∑ ∑ ∑ 𝑊𝑖 ∙  𝑥𝑑,𝑖,𝑡 

𝐼

𝑖=1

𝑇

𝑡=1

𝐷

𝑑=1

 

 

Subject to: 

𝑙𝑑,𝑡 = ∑ 𝑃𝑖  

𝐼

𝑖=1

 ∙ 𝑥𝑑,𝑖,𝑡 ∀𝑑, ∀𝑡 (1) 

𝑙𝑑,𝑡  ≤  𝐸𝐶𝐵𝐿 ∀𝑑, ∀𝑡 (2) 

𝑀𝐸𝐶 =
52

12
∗ ∑ ∑ ∑ 𝑃𝑖

𝐼

𝑖=1

𝑇

𝑡=1

 ∙ 𝑥𝑑,𝑖,𝑡  ∙ ∆𝑡

𝐷

𝑑=1

       (3) 

∑ 𝑥𝑑,𝑖,𝑡  ≤  𝑁𝑑,𝑖 ∗  𝑦𝑑,𝑖

𝐸𝑑,𝑖

𝑆𝑑,𝑖

 ∀𝑑, ∀𝑖 (4) 

𝑥𝑑,𝑖,𝑡  ≤ 1 −  𝑢𝑑,𝑖,𝑡 ∀𝑑, ∀𝑖, ∀𝑡 (5) 

𝑥𝑑,𝑖,𝑡−1 −  𝑥𝑑,𝑖,𝑡  ≤ 𝑢𝑑,𝑖,𝑡  ∀𝑑, ∀𝑖, ∀𝑡 ≥ 2 (6) 

𝑢𝑑,𝑖,𝑡−1  ≤ 𝑢𝑑,𝑖,𝑡            ∀𝑑, ∀𝑖, ∀𝑡 ≥ 2 (7) 

𝑥𝑑,𝑖,𝑡  ≤  𝑦𝑑,𝑖                          ∀𝑑, ∀𝑖, ∀𝑡 (8) 

∑ 𝑦𝑑,𝑖

𝐷

𝑑=1

 ≤  𝐹𝑟𝑒𝑞𝑖                          ∀𝑖 

(9) 

𝑥𝑑,𝑖,𝑡 , 𝑦𝑑,𝑖 , 𝑢𝑑,𝑖,𝑡 ∈ {0, 1} 

𝑙𝑑,𝑡  ∈  ℝ+ 
∀𝑑, ∀𝑖, ∀𝑡 (10) 

 

The objective function aims to maximize the weighted sum of the fulfillment of appliances’ schedule. To achieve this, 

appliances should be scheduled as per the preference weight nominated for each appliance. The appliances with higher 

preference weights are to be scheduled as much as possible. The objective function is characterized by multiplying 

the preference/priority weighting factor for the appliance i (𝑊𝑖) and  𝑥𝑑,𝑖,𝑡. It is assumed that 𝑥𝑑,𝑖,𝑡 is the optimal 

ON/OFF status of appliance i at time t on day d which equals 1 if appliance i is ON at time t on day d and zero 

otherwise. 
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Constraints (1-2) address the hourly load profile and the electricity supply connection restrictions. The hourly load 

profile 𝑙𝑑,𝑡 is obtained through constraint (1) which is equal to the sum of the scheduled power for all appliances at 

each hour. Constraint (2) implies that the 𝑙𝑑,𝑡 cannot exceed the electricity supply connection limit or the electric 

circuit breaker load limit (the ECBL). 

 

Constraint (3) estimates the monthly cost for electricity consumption (MEC). Constraint (4) ensures that the assigned 

time slots for each appliance are sufficient to execute the appliance operation, as much as possible, and are within 

preferred interval [Sd,i, Ed,i] as well. The set of constraints (5-7) ensures continuous operation of appliances. This 

ensures that the assigned time slots for each appliance are successive or “uninterruptible”. For appliances that may be 

operated more than once per day (e.g. oven operation for lunch and dinner), the appliance can be treated as two separate 

appliances. A new auxiliary binary decision variable 𝑢𝑑.𝑖,𝑡  is used to refer to the completion of the operation of 

appliance i, where 𝑢𝑑,𝑖,𝑡 is equal to 1 if the operation of appliance i is already completed during time slot t on day d. 

Hence, the corresponding 𝑥𝑑,𝑖,𝑡 must be zero. 

 

Constraints (8-9) address the frequency of appliance usage during the week. Constraint (8) defines the days when an 

appliance i is to be scheduled over the week by the binary variable 𝑦𝑑.𝑖. Constraint (9) guarantees that the times or 

days that an appliance i is to be scheduled ON over the week does not exceed the preferred frequency Freqi. Constraint 

(10) reflects the binary and real properties of the main and auxiliary decision variables. 

 

3. Case study 
A typical low income, formal, electrified household on the Mpumalanga Highveld is selected as the unit for this study. 

Coal is still widely used for cooking and heating on the Mpumalanga Highveld because the proximity of the coal 

mines makes it cheap and accessible. Low minimum temperatures mean that heating is needed in winter, especially 

in informal dwellings and in houses built by the government and given to low income households (commonly called 

RDP housing), which historically have not had ceilings and have been rather poorly constructed so that there are gaps 

in the door and window frames.  

 

Data gathered in KwaZamokuhle, a low-income residential area adjacent to Hendrina town, about 60 km south-east 

of eMalahleni, is used as basis for this typical household. KwaZamokuhle has been intensely studied since Eskom 

selected it as the site for their air quality offsets pilot study, where they are testing interventions to move households 

from using coal to cleaner energy carriers like electricity or liquid petroleum gas (Langerman et al., 2015). Detailed 

socio-economic and energy use surveys have been completed by 693 of the approximately 6 300 households in 

KwaZamokuhle. There are on average 4.1 members per household. Around 18% of housing structures are informal 

(built from corrugated iron). The remainder are formal structures, with 12% not being RDP houses, and the balance 

being RDP houses, some with formal or informal extensions.  All the formal households and some of the informal 

households (the so-called backyard shacks) are connected to the national electricity grid. Despite the access to 

electricity, around 50% of households report using coal/wood mainly for cooking, and around 60% report using coal 

or wood mainly for heating (Eskom, 2017). In winter, households use on average 197 kWh of electricity a month, for 

which they pay R178. An average household uses 200 kg of coal and 36 kg of wood per winter month.  

 

For the purposes of this study, the typical electrified low-income Mpumalanga Highveld household is assumed to be 

comprised of 4 members, and have 5 rooms in the house (a kitchen, bathroom, living room and two bedrooms).  The 

winter scenario, where heating is required and lighting is needed for more hours in the day, is considered as the more 

extreme case for the modelling.  

 

Typical number of hours and time of use of appliances are estimated, assuming that all adult members of the household 

(who perform the bulk of the household chores) work during the weekdays (Table 2). Peak periods of use are aligned 

with van Deventer’s (2014) typical winter electricity demand profile. Times of use are altered for Saturday and 

Sunday, when it is assumed that household members are at home and need to perform tasks like cook and wash clothes. 

Use of appliances was prioritized based on levels of household ownership of appliances from studies by Louw et al. 

(2008) in the low-income rural areas of Antioch in the Eastern Cape and Garagapola on the border of Mpumalanga 

and the Northern Province; Forlee and Nyikos (1995) in newly electrified houses in Ivory Park between Johannesburg 

and Pretoria; Probert (1992) in newly electrified houses; Hoets and Golding (1992) in formal and informal areas in 

eThekwini; and Dinkwanyane (2010) in seven low income communities across South Africa. A cell phone charger 
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was prioritized based on a study conducted by Lloyd (2014) in the Samora Machel informal settlement in Cape Town, 

which showed that cell phone use in the community is slightly more prevalent than radio use. 

 

In order to test the implications of the restricted electricity supply for a range of household appliances, three scenarios 

are considered for the modelling: 

i) Low power rating appliances: These are either small appliances (like the 2-plate stove which is 

commonly used) or energy efficient appliances (which are uncommon in low income communities unless 

they have participated in a project like Eskom’s Integrated Demand Management programme which 

rolled out compact fluorescent lighting to replace conventional incandescent bulbs). Where a range of 

technologies are available (for example heaters), the technology with the lowest power rating is selected 

for this scenario. 

ii) Medium power rating appliances: These are appliances which are typically used in middle income 

households 

iii) High power rating appliances: These are appliances which are on the upper end of the range of power 

consumption of appliances used in middle income households. Older or second-hand appliances often 

used in low income households fall into this category. 

 

Table 2. Prioritisation and time of use of electrical appliances in a low-income community 

Priority Appliance 

Low 

power 

rating Pa 

(W) 

Medium 

power 

rating Pa 

(W) 

High 

power 

rating Pa 

(W) 

Time of 

use 

Minutes 

of use 

per day 

Da 

No of 

10-min 

time 

slots Na 

Start 

of use 

Sa 

End 

of 

use 

Ea 

1 Lighting 701 3002 5003 
05:30-06:30 60 6 34 39 

17:30-21:30 240 24 106 129 

2 Fridge-freezer 544 2755 4005 00:00-24:00 1440 144 1 144 

3 2-plate stove 20006 20006 20006 

05:30-06:30 30 3 34 39 

10:30-12:30 
60 6 

64 75 

17:00-19:00 103 114 

4 
Iron 

14006 20006 24006 
17:30-19:30 

20 2 
106 117 

Iron – weekend 10:00-19:30 61 117 

5 

TV – 22 inch 

LCD display 
307   

17:30-21:30 240 24 106 129 
TV – 24 inch 

LCD display 
 508  

TV – 20 inch 

CRT display 
  909 

6 

Cell phone 

charger 

14 45 75 

17:00-21:30 

180 18 

103 129 

Cell phone 

charger – 

weekend 

08:00-13:00 49 78 

7 

Radio – early 

morning 
15 1.55 25 

05:30-07:30 

120 12 

34 45 

Radio – rest of 

day 
07:30-17:30 46 105 

8 
Kettle 

12005 21005 30005 

05:30-07:30 

40 4 

34 45 

17:30-21:30 106 129 

Kettle - weekend 12:30-13:30 76 81 

9 Oven 100010 21505 300010 17:30-19:30 90 9 106 117 

10 Microwave 6005 11505 17005 17:30-19:30 20 2 106 117 

11 

Washing M/C 

50011 100012 200013 

17:30-19:30 

90 9 

106 117 

Washing M/C – 

weekend 
10:00-19:30 61 117 

12 

Heater – halogen 

(radiation) 
8006   

17:00-21:30 120 12 103 129 
Heater – oil fin  15006  

Heater – fan   20006 
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1Five compact fluorescent bulbs of 22 W each 
2Five incandescent bulbs of 60 W each 
3Five incandescent bulbs of 100 W each 
4https://www.frequencycast.co.uk/howmanywatts.html 
5https://www.daftlogic.com/information-appliance-power-consumption.htm 
6http://www.game.co.za 
722 inch LCD display, http://energyusecalculator.com/electricity_lcdleddisplay.htm 
824 inch LCD display, http://energyusecalculator.com/electricity_lcdleddisplay.htm 
920 inch cathode ray tube display, http://energyusecalculator.com/electricity_lcdleddisplay.htm 
10Borg and Kelly, 2011 
11Cold water wash, spinning, https://www.frequencycast.co.uk/howmanywatts.html 
1240°C wash, heating cycle, https://www.frequencycast.co.uk/howmanywatts.html 
1365°C wash, heating cycle, https://www.frequencycast.co.uk/howmanywatts.html 

 

The kettle is assumed to be used for boiling water and heating water for bathing. It was assumed that 1.5 litres of water 

are boiled three times a day for drinking or cooking, and 20 litres of water per day (4 litres per household member) 

are boiled for bathing. 

 

Two electricity supply connections are considered: a 20 Amp supply that is installed for free, and a 40 Amp supply 

that is installed at a cost of R600. A 20 Amp electricity supply connection equates to a wattage restriction of 4.6 kW. 

Considering that the actual power used by appliances varies somewhat, with higher power consumption when initially 

switched on, for example, for the purposes of the modelling it is assumed that total power consumption cannot exceed 

80% of the 4.6 kW limit, i.e. 3.68 kW. For the 40 Amp supply, total power consumption at any time cannot exceed 

7.36 kW. 

 

The Steve Tshwete Local Municipality, within which KwaZamokuhle is located, charges different electricity tariffs 

to indigent and non-indigent residential consumers (Table 3). Indigent tariffs are applicable to registered indigent 

consumers with an ampere capacity limited to 20 Amp per phase. Indigent consumers receive a free basic electricity 

allowance up to 50 kWh per month.  

 

Table 3. Electricity tariffs for the Steve Tshwete Local Municipality for 2017/18 

Energy 

charge block 

Domestic residential indigent 

consumers 
Domestic residential consumers 

1-50 kWh Free 89.56 

51-350 kWh 113.95 c/kWh 121.40 

351-600 kWh 149.91 149.91 

>600 kWh 168.74 168.74 

Fixed charge None 
R59/month for single phase supply 

R80/month for three phase supply 

 

 

4. Experimental results 
The proposed mathematical model is solved optimally with the commercial optimization solver LINGO 12.0 (LINDO 

Systems Inc.). All tests were run on an Intel Core i5 (2.6 GHz) with 4 GB of RAM, running under Windows 7. 

Comparisons are carried out among three different levels of appliances’ power rating (Low (L), Medium (M) and 

High (H)) and two levels of electricity supply restrictions (20 Amp and 40 Amp) in terms of the model objective 

function (the fulfillment of the appliances’ usage) and the monthly electricity consumption cost. The experiments 

investigate the implications of the restricted electricity supply of 20 Amp. Furthermore, the experiments study two 

potential solutions: (1) to expand the electricity supply to 40 Amp; (2) to use new appliances with low power ratings. 

 

Fig. 1 and Fig. 3 present comparisons between three proposed appliance schedules at different levels of appliances 

power rates. Fig. 1 shows a typical workday case (Tuesday) with appliance usages mainly during the early morning 

peak and evening peak when household members are at home. Fig. 3 shows a typical weekend case (Sunday) with 

appliance usage over the entire day. Results show that all appliances with high weighting values (i.e., lighting, fridge, 

hotplate, iron, television, cell phone and radio) are fully fulfilled under all scenarios. However, other appliances with 

lower weighting could not be used as much as the consumer needs due to the restricted electricity supply. For example, 
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in Fig. 1, the kettle (during the evening) and the washing machine could not be used under the high-power rating 

appliances case. Furthermore, the oven could not be used even under the medium power rating appliance case. For the 

weekend case (Fig. 3) the consumer is able to use the heater for a shorter time if medium power rating appliances are 

used. The microwave could not be used under this scenario. Also, the kettle (during the evening) and the oven could 

not be used in the high-power rating appliance case. 

 

Fig. 2 and Fig. 4 show that the resulting electricity consumption profiles for all cases during both the weekday and 

weekend cases hit the 3.68 kW limit during the peak periods. This finding supports our hypothesis that the 20 Amp 

connection could restrict the consumer usage. Table 4 summarizes the comparison between three appliance schedules 

under different power rating scenarios for all the days of the week. It is important to mention that some appliances are 

not intended to be used daily, i.e., the oven and the washing machine, which are to be used twice and four times (two 

over the workdays and two over the weekend) a week, respectively. The table shows that the oven is never scheduled 

under the high-power rating appliance case. The usage of the kettle is reduced to only four out of eight and eight out 

of twelve slots during the workdays and weekend, respectively. Also, the washing machine usage is reduced to only 

five slots out of nine twice during the workdays (so the washing machine is not able to complete its cycle). The heater 

usage is reduced to only eight slots out of twelve over the weekend under the medium power rating appliance case. 

 

Table 5 shows a comparison between the proposed problem solution under three scenarios of appliances of different 

power rating and two levels of electricity supply restrictions. The comparison is based on the associated objective 

function value and the monthly electricity consumption cost. Increasing the electricity connection up to 40 Amp could 

fulfill the desired usage of all appliances with the upper bound of 18560. The same value could be obtained by utilizing 

appliances with a lower power factor even with 20 Amp connection. However, the 20 Amp connection is a binding 

constraint with medium or high-power rate appliances. This will reduce the level of fulfillment of appliances usage. 

Current average monthly electricity consumption of low-income households (197 kWh in KwaZamokuhle) is lower 

than that in any of the scenarios considered here, implying that households are probably not yet facing appliance use 

restrictions. 

 

 

Figure 1. Comparison between three appliances schedules under different power rating scenarios: A typical workday 
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Figure 2. The resulting electrical load profiles under three power rating scenarios: A typical workday (Tuesday) 

 

Figure 3. Comparison between three appliances schedules under different power rating scenarios: A typical weekend 

day (Sunday) 

 

Figure 4. The resulting electrical load profiles under three power rating scenarios: A typical weekend day (Sunday) 
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18:00 19:00 20:00 21:00 22:00 23:0017:006:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:005:00Hour 1:00 2:00 3:00 4:00
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Table 4. Comparison between three appliances schedules under different power rating scenarios 

Day Mon. Tues. Wed. Thur. Fri. Sat. Sun. 

1. Lighting 

L 

✓✓✓✓✓✓✓
M 

H 

2. Fridge 

L 

✓✓✓✓✓✓✓
M 

H 

3. Hotplate 

L 

✓✓✓✓✓✓✓
M 

H 

4. Iron 

L 

✓✓✓✓✓✓✓
M 

H 

5. Television 

L 

✓✓✓✓✓✓✓
M 

H 

6. Cell phone 

L 

✓✓✓✓✓✓✓
M 

H 

7. Radio 

L 

✓✓✓✓✓✓✓
M 

H 

8. Kettle 

L 
✓✓✓✓✓✓✓M 

H 4/8 4/8 4/8 4/8 4/8 8/12 8/12 

9. Oven 

L  ✓     ✓

M      ✓ ✓

H       

10. Microwave 

L ✓ ✓ ✓ ✓ ✓ ✓ ✓

M ✓ ✓ ✓ ✓ ✓  
H ✓ ✓ ✓ ✓ ✓ ✓ ✓

11. Washing machine 

L  ✓   ✓ ✓ ✓

M  ✓  ✓  ✓ ✓

H 5/9   5/9  ✓ ✓

12. Heater 

L 

✓ ✓ ✓ ✓✓

✓ ✓

M 8/12 8/12 
H ✓ ✓

 

Table 5. Comparison between the problem solution under three different appliance power ratings and two levels of 

electricity supply restrictions in terms of the objective function and the monthly electricity consumption cost 

Power 

rating 

level 

Electricity supply restriction level 

% Cost 

Increase 

20 Amp 40 Amp 

Obj. 
Electricity 

consumption (kWh) 
Cost (R) Obj. 

Electricity 

consumption (kWh) 
Cost (R) 

L 18560 312 299 18560 312 422 41.14 

M 18540 623 755 18560 635 902 19.34 

H 18332 769 1002 18560 880 1315 31.37 
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From a financial point of view, utilizing low-power appliances could reduce the monthly consumption cost to one 

third. However, expanding the electricity supply to 40Amp could increase the cost by around 40%, 20% and 30% if 

the consumer is using low, medium or high-power rate appliances, respectively.  

 

 

5. Conclusion 
A binary linear programming model has been developed and used to investigate the implications of a restricted 20 

Amp electricity supply connection for household appliance use. Three scenarios have considered to encompass the 

range of power ratings of appliances typically used in a low-income household. It is found that if appliances with 

medium and higher power ratings are used, the 20 Amp supply does indeed inhibit appliance use during peak evening 

periods, when it is assumed that all household members are presenting, and the bulk of household chores are done. In 

such cases, trade-offs need to be made by the household, for example switching the heater off in order to boil the 

kettle. If all appliances used have low power rating, appliances can be scheduled to fulfill all needs. Increasing the 

electricity supply connection to a 40 Amp connection alleviates all the restrictions. As households become more 

affluent and want to increase the electricity services they make use of (for example by using desktop computers, 

electric geysers, vacuum cleaners and tumble dryers), they need to upgrade to a 40 Amp connection.  Significant 

savings can be achieved by using appliances with lower power ratings – the monthly electricity cost is roughly three 

times higher for appliances with high power ratings than for appliances with low power ratings.  
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