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1. Background and Introduction 
The Electricity Control Board (ECB) is a statutory regulatory authority established in terms of the 

Electricity Act (Act 2 of 2000) repealed by (Act 4 of 2007). The ECB has the core responsibility of 

exercising control over the electricity supply industry (ESI); which entails regulation of generation, 

transmission, distribution, supply, use, import and export of electricity in Namibia.  

Amongst others, the ECB is responsible to ensure efficiency in the ESI and quality of supply and 

service delivery by the licensees. The ECB recognizes that both quality and cost of supply are 

essential and core elements for regulation in the electricity industry. Regulation should aim to steer 

an industry's performance towards improving general welfare, i.e., the collective benefit gained 

by consumers and operators.  

In terms of Section 146(5)(b) of the Transmission Grid Code and Section 19(7)(b) of the Distribution 

Grid Code, which require that key economic and financial parameters of customer interruption 

cost or cost of unserved energy be determined by a Board-approved process. Therefore, the ECB 

has undertaken a study into the key economic and financial parameters of customer interruptions 

or cost of unserved energy (COUE). Cirrus Capital was commissioned to undertake the study on 

the COUE in Namibia in April 2022. This report answers to this objective.  

The Namibia COUE report amalgamates several sub-reports that were written throughout the 

consultancy and is divided into the following sections: 

Section 2 presents research on COUE methodologies and recommends the methodology that will 

be applied to determine the Namibian COUE. Specifically, this section identifies methodologies of 

conducting the COUE, provides advantages and disadvantages of the identified methodologies, 

determines, and recommends a method to estimate value of supply interruptions related to 

network reliability or the lack thereof, and compares three regional and two international COUE 

studies.  

Section 3, outlines and presents the findings of the Namibian COUE model and reports on the COUE 

in Namibia. Specifically, the section shortly discusses the methodology used to derive the Namibian 

COUE model, describes the COUE modelling steps and interprets and presents the outcomes/results 

of the Namibian COUE model. 

Section 4 presents the discussion and analysis of the Customer Electricity Supply Interruption Survey 

and serves to illustrate the order of magnitude/sensitivity analysis to supplement the production-

function based COUE model and its results. The section reports on the interpretation of customer 

electricity interruption costs collected from a sample of stakeholders using a survey.  

Section 5, considers the status quo regarding information available to which COUE could be 

applied, with the aim of setting KPIs and targets for what could be considered an “acceptable” 

COUE. In this context, the section considers how the determined COUE value per kWh can be 

applied to system planning decisions, based on international approaches and what the 

determined COUE means in relation to the Quality-of-Service Standard (QOSS), and how COUE 

could potentially be applied to review the continuity of service provisions of this standard.  

Section 6, develops a guideline for the application of COUE in the Namibian ESI, both from the 

Regulator’s perspective and the grid utilities’ perspective. 

Section 7 concludes the report. 
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2. Methodology to determine COUE 
2.1. What is COUE? 

The Cost of Unserved Energy (COUE) is used to provide an economic value to the cost of electricity 

supply interruptions to electricity customers and the economy as a whole. These values are used 

to inform a number of investment and refurbishment decisions on the electrical power system, with 

the aim of optimising the reliability of the network. The benefit of reducing the frequency and 

duration of electricity supply interruptions is quantified in economic terms so that business cases for 

network investment, planning and refurbishment can be appropriately defined, and optimal levels 

of reliability engineered for the needs of the Namibian economy.  

From a regulatory point of view the results of a cost-estimation study can be used for (CEER, 2010): 

• Setting financial incentives; 

• Achieving general knowledge about customer valuation of continuity of supply;  

• Estimation of society costs for interruptions including spill over costs in the value chain;  

• Whether it is important to cover all types of customers or only some specific groups; and  

• What kinds of interruptions (duration and frequency) require investigation. 

The events that are included in the definition of COUE will depend on the parameters of the 

reliability standards a country wants to set. For example, in South Africa, COUE is defined to only 

include unplanned outages of a short duration (less than 3 hours) (Department of Energy SA, 2010). 

Therefore, the calculated COUE would theoretically overstate the direct and indirect economic 

impact of “load shedding”, as “load shedding” is typically a planned event or set of multiple 

occurrences, and customers are forewarned, which changes their behaviour. In Australia on the 

other hand, “load shedding” events are included in the definition of unserved energy if (AEMC, 

2019): 

• additional investment would have avoided the event from occurring,  

• or the market should have planned for such an event. 

For this project, the COUE is defined as the full economic cost (in N$ per kWh) placed on a unit of 

electricity not supplied due to an unplanned interruption of a short duration, i.e., interruptions not 

linked to inadequate generation capacity.  

Unplanned, short duration outage events are to be expected, even in a well-planned system with 

adequate reserve margins as a result of random failures of equipment, environmental events or 

other potential causes. Typically, a power system planner should balance the total COUE against 

the cost to supply the energy not served in order to make optimal planning decisions. The 

underlying assumption is that businesses and households should experience outages as irregularly 

and of shortest duration possible, to a point where the cost of preventing further outages outweighs 

the benefit of preventing them. 

In Namibia, the Distribution Grid Code sets out that the following key economic and financial 

parameters [that] must be determined by a Board approved process:  

(a) discount rate;  

(b) customer interruption cost or cost of unserved energy; and  

(c) other parameters, such as tariffs and additional economic parameters.’ 

Thus, the method that is recommended by this study needs to be approved by the ECB Board so 

that the COUE can be a key economic parameter for network investment criteria.  
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2.2. Dimensions of COUE 

The COUE differs substantially across customers, including between different types of customers 

(such as residential and business customers), but also within customer groups, for instance between 

urban and non-urban/rural residential customers (Chattopadhyay, 2008).  

Electricity interruption costs depend on the extent to which customers’ applications rely on 

electricity, and whether the corresponding activity or output can be recovered subsequent to an 

outage. Costs are typically divided between:  

• Direct costs: relate to immediate expenses or losses that arise as a result of an outage; and  

• Indirect costs: refer to costs of losses for which no payment is made, but where there is a 

cost or foregone benefit. 

2.2.1. Customer types 

Because user activities and uses differ, the costs of electricity outages vary among different types 

of customers. For example, electricity interruptions in hospitals or in industrial plants have very 

different consequences than those in, for example, domestic settings.  

Also, measuring the direct costs of outages alone (such as damaged electronic equipment) is not 

sufficient to capture the full COUE (Chattopadhyay, 2008). For residential customers, indirect costs 

of supply interruptions are difficult to measure, e.g., the expense involved in having to cancel and 

reschedule activities, and hard to measure quantities such as inconvenience caused by a lack of 

Internet access, air conditioning or heating. However, these types of indirect costs represent real 

costs and may be qualitatively important. It may also be the case that outages impact home-

based employment, in which case there is a cost in the form of foregone income (Chattopadhyay, 

2008).  

The COUE to commercial and industrial (including agricultural) customers tend to be more 

complex. Direct costs may include shutdown costs, restart costs, spoilage, damage to raw 

materials and equipment, back-up costs, and health and safety costs. These are net costs, in the 

sense that they need to be determined net of any savings on energy, materials, and labour during 

the outage. In some cases, lost production can be made up, but the firm may incur additional 

expenses, such as overtime.  

Indirect costs may include the costs of foregone sales, or costs to downstream firms and final 

consumers, for instance if production by an industrial customer is interrupted or delayed after 

electricity has been restored. 

The following table summarises the dimensions of the COUE to businesses. 

Table 1: Costs of unserved energy for businesses customers 

Costs Description 

Production losses Changes in revenues as a result of an outage, net of production that the 

business is able to make up, e.g., through the use of overtime or additional 

shifts. 

Direct damages Equipment damage  

Damage to raw materials  

Hazardous material costs  

Wastage & wastage disposal costs, e.g., for spilled milk, flawed product 

Labour costs Costs to make up lost production (e.g., overtime costs)  

Labour costs during restart  
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Stand-down costs, rest periods 

Back-up costs Costs to operate back-up generation 

Restart costs Costs to start up electrical equipment and other restart costs 

Savings Savings on unused raw material  

Savings on unused fuel and electricity  

Savings on unpaid wages  

Scrap value of damaged materials 

Source: Chattopadhyay (2008) 

2.2.2. Time and other dimensions 

Beyond these general cost categories that arise, to varying degrees, for different types of electricity 

consumers, the COUE also depends on a range of factors that reflect the circumstances in which 

outages arise (De Nooij et al, 2007): 

1. The perceived reliability level: the higher the perceived reliability, the less firms and 

households are inclined to take precautionary measures (e.g., backup generators), and the 

greater the damage caused by an interruption.  

2. The moment when the interruption occurs: the season, the day of the week and the time of 

day determine which activities are interrupted. For many households, an interruption at 7 

p.m. interferes with recreation (e.g., television, Internet), while at 4 a.m. an interruption has 

much smaller effects because most people are asleep.  

3. The length of the interruption: some forms of damage (e.g., the loss of computer files) occur 

instantaneously. Some effects (e.g., the loss of working hours) are proportional to the length 

of the interruption, while other effects will start only after a while (e.g., the spoilage of food 

in refrigerators).  

4. A notification before an interruption: lowers the consequences of that interruption. If people 

know that the electricity is about to be interrupted, they might take precautions that will 

limit the impact an outage will have on the business or household. 

5. The effects of electricity interruptions are smaller when the interruptions are structural (e.g., 

daily) than when they are incidental. If the supply is interrupted regularly, people prepare 

for it even if they are not warned beforehand. Although the costs per interruption are lower, 

the total damage will be greater because of the larger total number of interruptions and 

because additional costs might arise.  

6. The source of the outage1: if the outage is caused by a failure in the network, the price 

effects will mostly be small, whereas if the outage is caused by the fact that the production 

capacity is smaller than the demand, prices tend to rise strongly. A price increase leads to 

large transfers of wealth from users to suppliers. Although such transfers are not a social cost, 

they do matter from a policy perspective. 

Overall, the diversity of customers’ reliance on electricity implies that there are significant variations 

in the patterns of individual valuations of COUE. For example, businesses using sensitive electrical 

devices may be more affected than those that are not (even if they produce the same products). 

 
 
 
1 As Namibia has no “load shedding”, and therefore no data on this available, inadequate generation capacity is not 
considered in this report.  
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Or businesses producing ahead of schedule may experience lower outage costs than those 

operating under tight time constraints. (Chattopadhyay, 2008) 

The costs of supply interruptions can arise over different timeframes. Longer-term ‘electricity 

shortage’ costs include both adaptive response costs plus expected outage costs after such 

adaptations have taken place. They include the costs customers incur to change energy-using 

capital stock and other processes in response to a change in supply quality. For instance, some 

customers may find it cost-effective to cope with expected curtailments by installing protective 

switchgear, self-generation to back up critical loads, switching fuel, or relocating to other areas 

where reliability is higher. Therefore, defining what the COUE should (or can) measure, i.e., the basis 

of the COUE, is important for the design of the study and will determine the COUE. 

2.3. Measuring COUE 

Estimating the COUE poses practical challenges. Where electricity is concerned, there is no simple 

mechanism to reveal the willingness on the part of consumers to pay for additional electricity 

supply in the event of an outage, nor of their willingness to pay to avoid outages in the first place. 

This means that an indirect method must be used to infer the monetary value of the COUE. 

Internationally, there are three broad methods of calculating the COUE:  

1) Production function or macro-economic methods use macroeconomic data or observable 

expenditures as a proxy for customers’ willingness to pay for supply reliability.  

2) Market-based methods rely on observations of expenditures that customers incur to assure 

reliable electricity supply. 

3) Customer survey methods take the direct approach of asking customers about their 

preferences and willingness to pay for enhancing the reliability of supply. 

Sensitivity analysis can (and should) be done on the results of the above methods, to measure the 

sensitivity of the estimates to changes in the data set and assumptions. The methods for sensitivity 

analysis will vary depending on the method chosen to estimate the COUE and should feature as 

part of the design of the COUE study to ensure the robustness of the results.  

The two primary methods, used in most international and regional COUE studies are the production 

function and customer survey approaches. Examples of five such studies are provided in Section 

3, also providing an overview of the different methods and describes advantages and 

disadvantages of each.  

2.3.1. Macro-economic/production-function method 

The macro-economic method uses official, published macro-economic data such as gross 

domestic product (GDP) (and gross value added (GVA)) and household expenditure measures to 

estimate the impact of electricity interruptions due to lost production for businesses or lost utility for 

households. This method divides the macro-economic indicators by total electricity usage to 

estimate a cost of interruption per kWh for a given period (usually a year). The method is usually 

applied on an industry-by-industry basis, so that the COUE attributed to a particular industry 

depends on the GDP (or value added) for that industry. 

To account for sectoral interdependencies and the ripple effects of localized or wide-area 

sporadic electricity interruption on the value chain of a modern economy, economy-wide 

simulation models can be used. These models use flow measures (i.e., the output of stock or services 

over time) to assess electricity interruption cost. 

Economy-wide simulation models applied for electricity interruption cost assessment include: 

• econometric models  

• input-output (IO) models  

• computable general equilibrium (CGE) models 
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The different uses and functions of the models are outlined in the Table below. 

Table 2: Macro-economic methods 

Method Description Application 

Econometric models The relevant econometric 

model or long run model is a 

model with statistically 

estimated simultaneous 

equations that represent the 

aggregated workings of an 

economy. 

 

Econometric model’s analyses are 

typically concerned with the effects 

of shocks on economic growth rather 

than overall economic output.  

These model’s inability to distinguish 

between higher order effects and 

direct effects reduces their 

application in electricity interruption 

cost analysis. 

Input-output (IO) models IO models are a widely 

utilized tool for modelling 

inter-sectoral linkages and 

the cascading effects of 

shocks.  

The IO tables provide 

comprehensive detail on the 

inter-sectoral trading 

relationships between 

sectors of an economy. 

 

A significant benefit of IO models are 

their ability to capture indirect or 

higher-order effects that are not 

easily captured using other models.  

However, there is an assumption of 

fixed coefficients to determine input-

output relationships between 

industries. This notion creates a set of 

weaknesses, rigidity, and linearity with 

respect to the application of IO 

models for electricity interruption cost 

assessment. 

Computable General 

Equilibrium (CGE) 

models 

CGE models are an 

advanced extension of IO 

models. They present a 

complete view of an 

economy, considering 

market prices and 

exogenous interventions 

following a shock, and how 

the economy may respond 

to changes in demands and 

supply.  

The complexity of the model’s 

formulation and the extensive data it 

requires pose a challenge for 

electricity interruption cost analysis 

especially for regions where such 

data are not available. 

Source: Akpeji et al (2020) 

The economy-wide simulation models discussed above do not normally include temporal 

parameters. Thus, they need to be modified to allow for a more refined analysis that considers the 

influence of temporal parameters on the economic cost of electricity supply interruptions.  

Value of lost load (VoLL), cost of unserved energy (COUE), and cost of energy not supplied (CENS) 

are the typical descriptors of electricity interruption cost in studies that use the production function 

approach.  

To estimate residential/household COUE studies that make use of the production function method 

use either customer expenditure surveys (like in South Africa) or use a ‘loss of leisure’ method (like 

in the Netherlands). While the use of customer expenditure surveys is relatively straightforward, i.e., 

dividing the portion of household annual expenditures that are electricity dependent by the 

annual residential electricity consumption, the ‘lost leisure’ method considers the substitutability 
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between electricity based and non-electricity-based leisure activities to determine the COUE to 

households.  

The assumption of the ‘lost leisure’ method is that power outages reduce the amount of welfare 

that households gain from leisure activities by 50% (the factor of substitutability). The method makes 

use of labour market data and available information regarding the shares of time devoted by 

households to different activities. To calculate the COUE according to this method, first the annual 

amount of leisure time across all households must be computed and then multiplied by the factor 

of substitutability. This yields the time spent for electricity-based leisure activity. An economic value 

is then assigned to leisure as per the work of Becker (1965); that is, the value of an hour of leisure is 

equal to the income from an hour of work. The leisure time of unemployed people, children, and 

pensioners, sick or disabled persons are assumed to be half the hourly income. Once the economic 

value of leisure is obtained, the COUE of the residential sector can be calculated as the ratio of 

this value and electricity consumption for the specified duration.    

Advantages and Disadvantages 

The advantages of the macro-economic method include:  

• It is feasible and simple to implement as a result of data availability.  

• It uses official, publicly available data – and is thus, transparent, verifiable, and repeatable.  

• It is consistent with the System of National Accounts (SNA)2 methodology of the United 

Nations.  

• It enables and supports macro-economic modelling.  

• It allows for scalability of COUE measures from a national level to higher resolution (e.g., 

municipal level). 

• It provides measures that support the data requirements of reliability planning.  

The key disadvantage of the macro-economic method is that it assumes that macro-economic 

indicators are a reasonable proxy for costs of unserved energy (Billinton, 2001). This is because it is 

based on macro-economic estimations, no data is collected directly from customers, it is insensitive 

to variations in costs associated with time-of-day, day in week and time-of-year in which 

interruption occurs. It also makes no allowance for the fact that foregone production might be 

partially made up and therefore probably over-estimates the direct costs of electricity outages.  

For residential customers, all outages are priced at prevailing market wages. Thus, an 8-hour 

outage between 11 PM and 7 AM is equivalent to 8 hours of lost wages in terms of leisure or home 

production time (Chattopadhyay, 2008). This may under- or overestimate the COUE for residential 

customers, as the timing of supply interruptions has a direct bearing on what typical customer 

activities would be, and the perceived and monetary value of such activities.  

While the relevance of interruption timing is acknowledged, the time-consuming nature and high 

cost of surveys to collect relevant data are also considered when assessing interruption costs. As a 

result, the production approach is often used. Interruption impact studies using the production 

function method have been conducted in the Netherlands (De Nooij et al., 2007), Ireland (Leahy 

and Tol, 2010), Germany (Praktiknjo et al., 2011), Spain (Linares and Rey, 2013) and South Africa 

(Minnaar et al., 2017). 

 

 
 
 
2 The System of National Accounts is the internationally agreed standard set of recommendations on how to compile 
measures of economic activity.  
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2.3.2. Market-based (proxy) method 

In principle, it is possible to estimate the COUE on the basis of ‘market based’ studies that observe 

actual customer behaviours in the context of the price-reliability trade-offs they make. These 

approaches therefore infer the COUE from observed behaviours, for instance from investment in 

back-up generation or other mitigation approaches, such as insurance premiums for utility service 

interruptions.  

The key assumption is that customers would invest in backup generation (an inefficient and costly 

solution) to avoid interruptions at the point at which the value of generation equals the cost of 

unreliability. This approach has been successfully applied in a number of developing countries that 

are prone to frequent power outages and where, as a result, there is an established trend of 

investment in back-up power supply, e.g., in India (TERI, 2001).  

Disadvantages associated with this method include high data collection costs and the inability to 

disaggregate the data to a more detailed spatial resolution.  

2.3.3. Customer survey method 

Survey methods rely on detailed responses given by customers in response to a structured and well-

thought-out set of questions to estimate a COUE. It assumes that the customer is in the best position 

to assess his/her particular costs.There are several different ways in which this can be done (Table 

3). 

Table 3: Customer survey methods 

Method Description 

Direct Worth Method Customers are asked to estimate the expenses which they incur 

due to a hypothetical or experienced interruption or voltage 

disturbance. 

Contingent Valuation The respondent is presented with a hypothetical or experienced 

scenario of an electricity interruption or voltage disturbance and 

asked for the willingness to pay to avoid it or willingness to accept 

compensation when it occurs, to be indifferent to the welfare 

losses in the scenario. 

Conjoint Analysis Customers are asked to select the preferred option between 

pairs of hypothetical scenarios, or they may be asked to rank or 

rate a list of different hypothetical scenarios. Based on the 

choices, the costs are estimated indirectly through econometric 

models. 

The Preparatory Action 

Method 

Customers are asked to choose from a list of hypothetical actions 

which reduce the consequences of an electricity interruption or 

voltage disturbance. Each action is associated with a given cost. 

An action may for example be the purchase of candles in 

households.  

The Preventative Cost Method This method measures customer expenditures to prevent or 

counteract the consequences of interruptions or voltage 

disturbances. The value of such purchases can be seen as an 

estimate for the costs of an interruption or a voltage disturbance 

that they seek to avoid. 

Blackout Case Studies Past blackout events can be used to estimate the cost of 

electricity interruptions by conducting after-the-fact case 

studies. The advantage of this method is that estimations are 

based on real events and not hypothetical situations. However, 

these findings are limited to the characteristic of the events 

studied, and these experiences can usually not be generalised 

to other events 

Source: CEER (2010) 
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The primary method, recommended by the Council of European Energy Regulators (CEER), is the 

direct worth method which can be applied for all customer groups. This method is commonly used 

to estimate the monetary costs of electricity interruptions, usually by presenting the customer with 

several scenarios where the customer has to specify the economic costs according to predefined 

cost categories. The scenarios must be understandable, realistic, and accepted by the 

respondent.  

Cost estimates provided by respondents during a cost-estimation study are normally stated in 

absolute values for a given interruption frequency or duration. The data received from the 

respondents must be transformed into so-called normalised data in order to be able to compare 

data from different respondents, and to be able to group respondents with similar cost 

characteristics but perhaps with different electricity consumption.  

To do this, a normalization factor needs to be chosen. Generally, customer interruption costs (CIC) 

are affected by the interruption duration, economic sector, and size of the business. It is useful to 

normalize CIC estimates based on an electrical size parameter, such as monthly energy 

consumption or maximum demand, to allow for easy application in power system management. 

CEER (2010) recommends using a normalisation factor based on electricity demand or load, 

preferably a constant such as annual electricity consumption, average load, peak load, or 

interrupted power. 

For the survey-based approach, it is important to reduce the number of questions in the 

questionnaire to a minimum, while still revealing the necessary information, e.g., about customer 

characteristics. This is beneficial to the resources and time needed for the survey, and also to the 

expected response rates. 

The method of conducting the survey has to be country specific and may include web surveys, 

phone/e-mail interviews/reminders, or face-to-face interviews, depending on the survey method 

used. Telephone and face-to-face interviews generally show the highest response rate. The normal 

duration for conducting a survey is about 2 months, including reminders (CEER, 2010). 

In summary, before performing a national cost-estimation study, the following elements need to be 

considered:   

• Objective of the cost-estimation study for interruptions;  

• Choice of customer groups and standard industrial classification;  

• Data available for the normalisation factor(s);  

• Worst case scenarios and use of electricity;  

• Choice of interruption scenarios and voltage disturbance phenomena; and  

• Conduction method and expected response rates. 

Advantages and Disadvantages 

The major advantage of customer surveys is that they enable marginal analysis and thus addresses 

the key weakness of the macro-economic method. In addition, the method can capture variations 

in costs for differences in time-of-day, day in week and time-of-year in which interruption occurs, 

as it collects direct feedback from customers. The method allows specific customer populations to 

be targeted through appropriate sampling techniques.  

At the same time the method has, however, several disadvantages: 

• Responses are at risk to bias, especially where stated preference methods are used. Bias 

may have multiple sources. It is possible that customers may understate their true willingness-

to-pay or overstate their damage costs in an attempt to secure discounts on high tariffs. This 

method could also lead to the perception that monetary compensation may be available 

as a result of unserved energy.  
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• The accuracy and repeatability of the survey are highly dependent on survey design and 

implementation. Customers who experience few interruptions have difficulty estimating 

impact of interruptions, and therefore data received would be inherently unreliable. This is 

the case in Namibia, where electricity interruptions are few in most areas.  

• Customer surveys are expensive and time-consuming to conduct (Dzobo and Gaunt, 2012), 

especially if scalability to high resolution is required. The time and cost implications of surveys 

result in extended time periods between updating results.  

2.4. Regional and international COUE studies 

This section summarises and discusses several COUE studies and the respective methodologies that 

were used. More detailed analysis of the below studies can be found in Appendix A. 

Regional COUE studies are divided into two case studies from South Africa:  

1. one measuring the COUE using a macro-economic approach and  

2. one measuring the economic costs of load shedding using the macro-economic and 

customer survey method,  

3. and a COUE study from Nigeria.   

International COUE case studies discussed in this section are from: 

1. Sri Lanka (a middle-income country) and  

2. the Netherlands (a high-income country),  

the former using a customer survey approach and the latter using a lost production and lost leisure 

time methods.    

It seems that the majority of the reviewed literature relies on some form of survey-based approach 

(besides the above discussed studies, Sweden: Carlsson and Martinsson (2004, 2008); Canada: 

Bhavaraju (2004); Australia: CRA (2002), CRA (2007)) or on production function methods (besides 

the above discussed studies, Ireland: Leahy and Tol (2010), Germany: Praktiknjo et al (2011), Spain: 

Linares and Rey (2013)). 

Table 4: Overview of COUE literature discussed3 

Country Approach COUE estimates Application/context Key 

Literature 

South Africa 

(1) 

Production 

method using 

GVA (for 

industries) and 

household 

expenditure 

survey (for 

households). 

Total Economic COUE 

is R84.16 GVA/kWh. 

(2015) 

Direct Economic 

COUE is R23.81 

GVA/kWh. (2015) 

Total household COUE 

is R6.77 GVA/kWh. 

(2015) 

COUE values are 

used to inform 

socially optimal 

investment decisions 

for utility systems. 

Minnaar et 

al (2017) 

Minnaar & 

Crafford 

(2017) 

 

 
 
 
3 Local currency comparison (in N$) added into table in brackets [N$/kWh]. The calculation uses the current 
exchange rate (as of 28 July 2022). 
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South Africa 

(2) 

Production 

method and 

survey-based 

methodology 

coupled with 

econometric 

modelling to 

analyse survey 

data. 

Economy-wide wide 

cost of a full day 

blackout is 

approximately R54.54 

billion.  

This implies that 27 

days of continuous 

stage 1 load shedding 

has a similar 

economic cost as a 

day-long nation-wide 

blackout. 

To examine the 

costs of large 

disturbances, 

prompted by the 

continued (periodic) 

advent of rotational 

load shedding in 

South Africa. 

To aid power system 

reliability planning 

and operation. 

Akpeji et al 

(2020)  

 

Nigeria Survey-based 

methodology.  

Estimation of 

marginal cost 

(MC) or 

willingness to 

pay for industrial 

companies 

(only for 

manufacturing 

sector). 

N19.7/kWh on 

average for 

manufacturing. 

[N$0.79/kWh] 

To support current 

government efforts 

to privatise the 

public monopoly 

and liberalise the 

electricity market, 

through examining 

the cost of 

electricity shortages 

on the Nigerian 

manufacturing 

sector. 

Adenikinju 

(2003)  

 

Sri Lanka Survey-based 

methodology.  

Using the results 

obtained from 

the survey, the 

Total 

Interruption Cost 

for a single 

consumer are 

totaled and 

averaged 

across 

electricity 

consumption. 

LKR145.87/kWh for 

non-momentary 

planned. 

[N$6.80/kWh]  

LKR240.07/kWh for 

non-momentary 

unplanned 

interruptions. 

[N$11.19/kWh] 

Combined COUE of 

LKR195.65/kWh. 

[N$9.12/kWh] 

LKR145.51/kW for 

momentary 

interruptions. 

[N$6.78/kWh] 

Estimates to be used 

for Power System 

Planning in Sri 

Lanka. 

Colambage 

& Perera 

(2018) 

Netherlands Production 

function 

approach that 

directly relates 

power outages 

to lost 

production for 

firms and lost 

Total COUE is 

€8.6/kWh. 

[N$146.49/kWh] 

€16.4/kWh for 

households. 

[N$279.36/kWh] 

Cost benefit analysis 

of transmission 

projects and 

network regulation. 

De Nooji et 

al (2007) 
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leisure time for 

households. 

€6.0/kWh for firms 

(weighted average) 

[N$102.21/kWh] 

 

There is little evidence to date that values of COUE between countries are converging, and the 

only point that is universally agreed on is that it is simply not possible to apply an estimate of COUE 

for another country (Chattopadhyay, 2008). Although there is substantial variation in COUE across 

sectors and customer groups, a single point estimate seems to be the norm adopted for 

transmission, generation adequacy or composite generation-transmission adequacy planning 

purposes (as well as market operations).   

The following are some salient observations on the case studies discussed above, that provide 

useful lessons for the Namibian context: 

• South Africa: The COUE was estimated using a production function method as SA wanted 

a method that could be repeated annually and verified independently as investment 

decisions are taken on an on-going basis. Although CIC surveys can give an indication of 

indirect costs experienced by consumers, the study by Akpeji et al (2020)   concluded that 

CIC surveys can result in biased results. The survey conducted on about 120 companies 

(those with usable data) yielded overestimations of the damage of electricity supply 

interruptions, where only the 50th percentile was within the set lower and upper bounds of 

economic costs.   The adjusted DIIM function (production method) of the same study, which 

accounts for interdependencies between industries, showed that the COUE estimated by 

Minnaar et al (2017) was reasonable (within 12% of the DIIM results), thus giving credibility 

to the estimated COUE.  

• Nigeria: Nigeria has a high frequency of power outages, where most last 1 – 6 hours (70%) 

and 25% last longer than 6 hours. This has led to the emergence of back up generation, 

where most companies tend to invest in some form of electricity back-up (over 90%). This 

self-generation influences the perceived costs of unserved energy, in some ways mitigating 

the direct impact of power interruptions but increasing the total cost of unserved energy.  

• Sri Lanka: Looking at industry consumers and using the survey method, the study accounts 

for frequency, duration, and occurrence time in the day of interruption when measuring 

the COUE. This gave the authors insight into the indirect costs experienced by consumer 

during electricity supply interruptions. The results indicate that the costs are generally higher 

if the interruption is unplanned, which is in line with theory. 

• Netherlands: The study tries to bring in a temporal dimension to their estimated costs, while 

still using the production function method (which traditionally cannot distinguish between 

temporal dimensions). The authors do this by making assumptions per industry classification 

on operational (productive) hours, i.e., assigning active hours per week for each sector 

(assuming that each firm in the sector has the same active hours). This allows the authors to 

estimate costs of supply interruptions during different hours of the day, addressing one of 

the weaknesses of the production method approach. A similar method could easily be used 

in the Namibian context, to sensitise the analysis to the temporal dimension. The sensitivity 

analysis conducted on these assumptions showed that although changes to the 

assumptions had an impact on the outcome, the effects are not so large that they affect 

the conclusions of the study. 

2.5. Recommendations 

Based on the analyses presented in this section, the following recommendations are put forward 

for the calculation of a Residential and Economic COUE for Namibia. 

The data availability in Namibia has also been considered, where there is:  
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• No consumer survey data on electricity supply interruptions available, thus primary data 

collection will be required. 

• No data on leisure available, i.e., data on the amounts of time spent on work, household 

activities and leisure. 

• IO tables and SU tables are available. 

• Customer expenditure surveys are available (Namibia Household Income and Expenditure 

Survey) but outdated (last available 2015/16). 

In the interest of time, costs, and repeatability of COUE assessments, it is recommended that the 

main approach is the macro-economic/production function approach, which can be applied to 

both the Residential and Economic COUE. To address one of the key weaknesses of the production-

function method, it is further recommended that such an assessment includes a temporal 

dimension, where active hours are assigned to each sector. 

The consumer survey method can be used to supplement the production method estimation for 

industry. This can be treated as a sensitivity analysis and order-of-magnitude check to compliment 

the main approach. However, it must be kept in mind that results from customer surveys, especially 

from customers that do not experience frequent electricity supply shortages, can be biased and 

include subjective customer-specific notions and/or sentiments that may render the findings 

unreliable.  
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3. Data Analysis: Calculating Namibia’s COUE 
The macro-economic or production-function method is used to calculate the COUE figures for 

Namibia, as approved by the ECB. Since investment decisions are taken on an on-going basis and 

must be in the public interest, this method has the benefit of being economically sound, repeatable 

(annually) and independently verifiable.   

The method uses official, published macro-economic data, such as gross domestic product (GDP), 

gross value added (GVA), and household expenditure measures. In general, this method divides 

the macro-economic indicators by total electricity usage to estimate the cost of interruption per 

unserved unit of electricity, in kWh. 

3.1. COUE output measures: Economic and Residential 

The method used for the Namibian COUE model (summarized in Figure 1 below) estimates:  

1. An Economic COUE for economic sectors that use electricity for production purposes; and  

2. A Residential COUE for households that use electricity for various household applications.  

The Economic COUE quantifies the gross value added (GVA) foregone (in N$ per kWh) per unit of 

electricity not supplied due to an unplanned outage of short duration4.  

For economic activities, GVA5 is used as an indicator of economic activity. Annual GVA and GDP, 

by economic sectors, are both officially measured and reported annually by the Namibia Statistics 

Agency (NSA). 

The Economic COUE is expressed both as direct and total (indirect) impacts on the economy. Thus, 

the direct cost of short duration power outages to the economy is measured in terms of production 

opportunities forgone, as GVA per kWh per economic sector. The indirect cost of these short 

duration, unplanned power outages to the economy is measured as the indirect impact on the 

economy as a consequence of the changes in sales and expenditure in the whole economy 

resulting from direct costs. These indirect costs to the economy, i.e., the costs associated with 

complex cross-linkages in the economy, is also measured in terms of GVA.  

The Residential COUE is measured as the portion of household expenditure, by Namibian 

households, on goods and services that are electricity dependent, expressed as a ratio of 

residential electricity consumption6. Residential lifestyles are increasingly electricity dependent for 

goods and services such as communication, personal care, security, education, household income 

generation and leisure activities. Short duration power outages result in an opportunity cost of not 

having or using these goods and services and results in discomfort, nuisance, and lost leisure 

opportunities. 

 

 

 

 
 
 
4 For this project, the COUE is defined as the full economic cost (in N$ per kWh) placed on a unit of electricity not 
supplied due to an unplanned interruption of a short duration, i.e., interruptions not linked to inadequate generation 
capacity.  

5 GVA and GDP are both measures of economic output. The relationship is defined as GVA + taxes on products - 
subsidies on products = GDP. As the total aggregates of taxes on products and subsidies on products are only available 
at the national economy level, GVA is used for measuring gross regional domestic product and other measures of the 
output of entities smaller than a whole economy. 

6 This ratio is taken from the SA HIES 2010/11 – see Section 2.3.5. for detailed description. 
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Figure 1: Schematic Overview of the COUE Methodology 

 

Source: Cirrus 

3.2. COUE: Modelling steps and output 

This section describes the various steps taken in the modelling process and presents the results at 

each step. Input data used for the Namibian COUE model is also discussed.  

3.2.1. Step 1: Sectoral GVA analysis of electricity use in the economy 

The 2008 System of National Accounts (SNA) requires countries to compile annual SU-tables. 

Accordingly, the annual estimates of GVA and its components, as well as output, intermediate 

consumption expenditure, final consumption expenditure and GDP estimates al l have their origin 

in the annual SU-tables. The NSA does not compile annual SU-Tables. In Namibia, the latest 

available SU-Table is from the year 20187. 

The supply table shows the origin of the resources of goods and services, and the use table shows 

the uses of these goods and services and the cost structure of the various industries.  

As a result, SU-tables report both the GVA generated by and the electricity used by different 

industries over a 12-month, calendar year, period. Electricity is a necessary production input for 

almost all industries to generate their GVA. The tables are reported in monetary terms and therefore 

the cost of electricity, as an input into production, is known, for each industry, and how much gross 

value is added in each industry. 

 

 
 
 
7 Attempts have been made to keep this updated regularly by NSA, this however has not come to fruition. The latest 
SU-Tables (2018) are in private hands. 
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Table 5: GVA and electricity use per sector (in N$ million) 

Sector GVA (NSA) Electricity Purchases (NSA) 

Units N$ million N$ million 

Commercial cereal crops 2 804 212 

Commercial other crops (grapes, other 

horticulture) 
1 760 165 

Commercial animal products 1 013 8 

Traditional agriculture 691 3 

Fishing 4 652 - 

Uranium 3 279 131 

Base metals (non-ferrous metals) 5 473 117 

Precious stones & diamonds 996 39 

Other mining and quarrying  1 136 44 

Meat processing 2 235 51 

Fish processing 6 310 678 

Grain milling 4 537 97 

Other food processing 9 925 125 

Beverages  3 169 55 

Textiles and wearing apparel 570 19 

Leather and related products 322 4 

Wood & wood products, Furniture, Misc. 816 13 

Paper & printing 212 4 

Chemicals & Pharmaceuticals 524 15 

Rubber & Plastic products 206 16 

Non-metallic mineral products (cement etc.) 1 122 215 

Basic non-ferrous metals (copper, zinc, etc.) 3 293 534 

Fabricated metals, Machinery & Equipment 674 11 

Diamond processing 16 103 18 

Electricity 6 246 106 

Water 1 759 872 

Construction 9 903 640 

Wholesale and retail trade; repairs 12 975 619 

Hotels and restaurants  4 333 476 

Transport 9 632 119 

Communication 1 825 64 

Finance and insurance 5 995 374 

Other private services 1 434 31 

Health, Education, Publ Admin 25 485 986 

TOTAL 151 407 6 860 

Source: NSA 

 

3.2.2. Step 2: Sectoral estimation of electricity use in economic and residential sectors 

No consolidated database of actual kWh sales by industry or sector exists. Although sales data for 

NamPower and distributors (REDs and most other distributors) is available at an aggregated, 

national level, no sales data is available per industry or sector. The only official data sources 

available are the electricity purchases by industries, reported by the SU-tables, as well as the sales 

data per main distribution entity provided by the ECB. Residential (domestic) electricity sales are 

available per main electricity distribution entity as well as on an aggregated national level.  

Estimates are required for deriving a national aggregate kWh consumption estimate; and for 

deriving sectoral kWh electricity use, which requires the estimation of weighted average electricity 
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tariffs by industry8. These are derived as estimates from NamPower and main distribution area tariff 

data9, where each sector is assigned a weighted average tariff. Assumptions are laid out in 

Appendix B. 

Table 6: NamPower Tariffs for Tx and Dx customers, in N$ cent per kWh (2018)10 

  Tariff Tx Tariff Dx Tx Dx 

Weighted 

NamPower 

tariff 

  c/kWh c/kWh 
% of Total N$ 

sold 

% of Total 

N$ sold 
c/kWh 

Re-Distributors 155 189 98% 2% 155 

Water Pumping 172 253 50% 50% 212 

Irrigation  227 0% 100% 227 

Industry (mines) 153 305 100% 0% 153 

Plots & Schools 262 0% 100% 262 

Commercial 223 276 1% 99% 275 

Farms  275 0% 100% 275 

Farms (additional 299 0% 100% 299 

Villages  256 0% 100% 256 

Exports 273 167 65% 35% 236 

Source: NamPower 

 

Table 7: Distribution Area Tariffs, in N$ cent per kWh (2018) 

  

Average Price 

Commercial 

c/kWh 

Average Price 

LPU 

c/kWh 

NORED           383            341  

OPE           308            309  

CENORED           333            316  

ERONGO RED           330            293  

Central 

Namibia 
          292            220  

Southern 

Namibia 
          290            234  

NamPower DX           259            246  

Weighted 

Average 
          320            271  

Source: ECB 

 

The disaggregated sales (in kWh) to economic production sectors are estimated from the SU-tables 

by using the monetary value of electricity purchases for industries and transforming this to kWh 

through a weighted average pricing assumption, i.e., dividing electricity purchases (in N$) by the 

sector assigned tariff c/kWh (see Appendix B) to derive the sector specific estimation of electricity 

consumed (in GWh). The calculated GWh consumed per sector is then adjusted to reflect (1) 

household electricity consumption (1031 GWh in 2018) weighted by sector, and (2) electricity 

 
 
 
8 These tariffs only reflect the variable portion of electricity supply and not the fixed portion, as the latter would not 
be affected by an electricity supply interruption. 

9 This tariff data is based on the average tariff and does not consider load factor. 

10 This is an average between FY2017 (471 GWh) and FY2018 (444 GWh) to adapt the data to 2018. 
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imports for the Scorpion Zinc mine which are not counted as Namibian Electricity purchases in the 

SU-Tables (458 GWh in 201811). See Appendix B for details. 

Table 8: Electricity consumption (GWh) per sector (2018) 

Sector 
GVA 

(NSA) 

Electricity Purchases 

(NSA) 

Total Electricity 

Consumed 

Units 
N$ 

million 
N$ million GWh 

Commercial cereal crops 2 804 212 79 

Commercial other crops (grapes, other 

horticulture) 
1 760 165 78 

Commercial animal products 1 013 8 4 

Traditional agriculture 691 3 31 

Fishing 4 652 - - 

Uranium 3 279 131 86 

Base metals (non-ferrous metals) 5 473 117 76 

Precious stones & diamonds 996 39 25 

Other mining and quarrying  1 136 44 29 

Meat processing 2 235 51 52 

Fish processing 6 310 678 241 

Grain milling 4 537 97 68 

Other food processing 9 925 125 152 

Beverages  3 169 55 88 

Textiles and wearing apparel 570 19 54 

Leather and related products 322 4 10 

Wood & wood products, Furniture, Misc. 816 13 18 

Paper & printing 212 4 9 

Chemicals & Pharmaceuticals 524 15 66 

Rubber & Plastic products 206 16 28 

Non-metallic mineral products (cement etc.) 1 122 215 85 

Basic non-ferrous metals (copper, zinc, etc.) 3 293 534 807 

Fabricated metals, Machinery & Equipment 674 11 205 

Diamond processing 16 103 18 6 

Electricity 6 246 106 89 

Water 1 759 872 370 

Construction 9 903 640 200 

Wholesale and retail trade; repairs 12 975 619 260 

Hotels and restaurants  4 333 476 173 

Transport 9 632 119 88 

Communication 1 825 64 31 

Finance and insurance 5 995 374 189 

Other private services 1 434 31 67 

Health, Education, Publ Admin 25 485 986 419 

TOTAL 151 407 6 860 4 18312 

Source: NSA, own calculations 

 

  

 
 
 
11 This is an average between FY2017 (409GWh) and FY2018 (444GWh) data from the NamPower Annual Report 
(2019) 

12 This calculated total electricity consumption approximately matches with the electricity sales in NamPower’s Annual 
Report (2018), namely 4,285 GWh for FY2018 and 4,157 GWh for FY2017. 
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3.2.3. Step 3: Direct Economic COUE at a national and disaggregated levels 

Direct Economic COUE (expressed in N$ GVA per kWh) is calculated cumulatively and by sector 

by dividing the GVA (N$) and the estimated electricity use (kWh) as derived in the sections above. 

These COUE values represent the direct impact that a loss of 1 kWh in each sector would have on 

the economy. Industry level COUE is derived by adding the COUE per sector classified under that 

specific industry. 

Direct COUE = GVA (N$ million) / Electricity consumed (kWh) 

Next a weighted average of these direct impacts calculates the national Economic COUE. This 

weighted average is calculated by weighting the COUE of all sectors to the amount of electricity 

used in each industry. 

Table 5 below and Appendix B summarize the aggregated and disaggregated direct COUE 

estimates for Namibia for 2018, respectively. The national Direct Economic COUE is N$36,19/kWh 13. 

This number can be interpreted to reflect the average direct economic production lost that can 

be expected, in an average year, as a result of manifold, short duration, unplanned power outages 

across the country. This value varies by industry, depending on the energy intensity of the industry. 

Table 9: Economic COUE at aggregated national economy level (per industry), in 2018 

COUE: Economic 

Effect 

GVA (N$ 

millions) 

% of 

National 

GVA 

Total economic 

electricity use (GWh) 

Direct Effect (N$ 

GVA/kWh) 

Agriculture 10 920 7% 193 57 

Mining & Quarrying 10 885 7% 216 50 

Manufacturing 50 016 33% 1 888 26 

Water & Electricity 8 005 5% 459 17 

Construction 9 903 7% 200 50 

Trade 17 308 11% 433 40 

Transport & 

Communication14 
11 457 8% 119 96 

Business & Finance 7 429 5% 256 29 

General 

Government 
25 485 17% 419 61 

Total Economy 151 407 100% 4 183 36,19 

Source: COUE model 

 

It must be noted that diamond processing, which is a high value add sector that uses relatively little 

electricity, accounts for N$3,80 or 11% of the Direct COUE. If diamond processing would not form 

part of the calculation, then the Direct COUE for Namibia would be N$32,39/kWh. It is also very 

likely that a sector like diamond processing would easily buy generators if regular outage scenarios 

(such as the load shedding taking place in South Africa) would occur. 

Regional COUE 

In theory, a regional COUE can be calculated if the relevant data is available. However, currently 

Namibia does not have GDP/GVA and electricity purchases data available at a regional level. It 

is possible to draw inferences on regional COUE based on the location of industry throughout 

 
 
 
13 This is somewhat higher than South Africa’s Direct Economic COUE of R29,05 (2020).  

14 The Direct Effect in this industry is high because of the Communication sector (which is mostly comprised of IT and 
telecommunications) – as this sector is very interlinked with all other sectors in the economy the COUE is higher.  
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Namibia (e.g. most manufacturing activity in localized to the Central and Erongo region, fishing is 

primarily Erongo etc.), however if one wishes to use the COUE to evaluate infrastructure investments 

(to improve reliability – which is the objective of this calculation of COUE according to the 

Transmission Grid Code) a more localized inference on COUE would be more useful than the 

calculation of a regional COUE, e.g., a COUE specific to an area in which the investment is 

considered to be made, and which specific residential and industrial users will enjoy the benefit of 

the additional infrastructure. To do this, one would need to classify electricity customers into various 

economic sectors (at present this data is not available – see Section 5 for details).  

3.2.4. Step 4: Total Economic COUE estimate 

The impact of an economic event on local, regional, and national economies is greater than the 

total of the direct size of the event. This is because the money spent (or not spent) is again spent 

(or not spent) by the recipient local businesses and employees.  

Thus, a direct effect in one industry will have an indirect effect on many other industries and will 

ultimately impact on household expenditure. These effects are formally defined as follows:  

• Direct: direct changes in production in a sector(s) due to events that en- or disable 

production (first order) 

• Indirect: expenditures that result from suppliers and customers who transact with the first 

order affected sector(s) 

• Induced effect: results from changing expenditure of employees in the direct and indirect 

sectors.  

• Total effect: this is the sum of the direct, indirect, and induced effects.  

The total effect of a 1kWh interruption on the economy can be estimated through an Input–output 

(IO) model15, which is derived from the national SU-Tables16. This is a quantitative economic 

technique that represents the linkages and interdependencies between different sectors of a 

national economy. 

The SU-tables provide a powerful analytical tool as they are conveniently integrated into 

macroeconomic models in order to analyse the linkages and interaction between final demand, 

intermediate consumption, GVA and industrial output levels. The tables further report on all the 

other inputs from all the other sectors that are used for a specific industry to achieve this GVA.  

These are called intermediate inputs and explains the inter-industry relationship that exist in the 

economy. 

Consequently, the Namibian COUE model uses the SU-tables to construct a single IO table to 

establish the linkages and interrelationships between industries, products, and other economic 

variables. In the IO table the rows represent the outputs, and the columns represent the inputs. This 

IO model enables the estimation of both direct and total effects of 1kWh of electricity on the 

economy. This is achieved through two types of coefficient matrixes: Input coefficients and Inverse 

coefficients17.  

The IO table enables the derivation of the so-called “Leontief inverse” matrix which reflects not only 

the direct effects on the production process, but also incorporates the indirect effects on the 

production process, resulting from a change in demand for a specific product. The Leontief inverse 

 
 
 
15 In this instance, these multiplier effects are calculated using the 2018 Social Accounting Matrix (SAM). 

16 As an analytical tool, the SU-tables allow the analysis of linkages and interactions between final demand and 
industrial output levels. In this way, SU-tables provide the foundation for development of an IO model and for analysis 
of the Total COUE effect. 

17 For details see: Brown, R. (2013). The Namibian Input/Ouput Table. Research Department: Bank of Namibia. 
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thus measures all the linkage effects and interrelationships between industries and final consumers 

and thus also the total impact on the economy.  

The matrix enables the assessment of a scenario where 1kWh is forgone/or gained in the economy. 

This is implemented by changing the final demand for products that use electricity as inputs by the 

equivalent of 1kWh, which is equivalent to a direct effect of N$36,19/kWh18.  

As a result, due to the interrelationships between industries in the economy, the change in final 

demand multiplies throughout the economic system, and changes not only the inputs and outputs 

of a specific industry concerned, but also the inputs and outputs of other industries in the economy. 

The resultant total effect for 2018 is N$85,38/kWh19. 

Table 10: Total Economic COUE effect 

Sector Direct Effect Total Effect Linkage (or multiplier) effect 

Units N$ GVA/kWh N$ GVA/kWh   

Agriculture, Forestry & Fishing 56,66 103,42 1,83 

Mining & Quarrying 50,46 114,09 2,26 

Manufacturing 26,50 50,90 1,92 

Water & Electricity 17,43 52,75 3,03 

Construction 49,54 68,81 1,39 

Trade 39,93 84,53 2,12 

Transport & Communication 96,40 270,65 2,81 

Business & Finance 29,00 235,05 8,11 

General Government 60,78 81,61 1,34 

Total 36,19 85,38 2,36 

Source: COUE model 
 

3.2.5. Step 5: Residential COUE at a national level 

The Residential COUE provides a proxy measure for the utility of using electricity in the household. 

So, short duration power outages result in a discomfort or nuisance value. This is because, in well -

planned power systems, for which the COUE measure is relevant, it is extremely unlikely that 

household behaviour and expenditure patterns will change as a result of households’ anticipation 

of possible power outages. 

It must be noted here that Economic COUE and Residential COUE cannot be added together. This 

is because they measure different impacts (production loss vs discomfort) and because they have 

different units (GVA vs household expenditure).  

The discomfort caused by power outages can be estimated by taking as a proxy, annual 

household expenditures on goods and services that require electricity for its use. Short duration 

power outages would make these expenditures temporarily wasteful, may result in disruption, 

discomfort, or nuisance. 

Here, the study makes use of StatsSA’s extensive household income and expenditure survey (HIES)20 

(2010/11) which contains approximately 870 household expenditure categories of which 153 of 

 
 
 
18 To update this value to more recent years, one can increase the COUE based on the ratio of nominal GDP growth to 
tariff increases in that year.  

 
19 This Total Economic COUE is slightly lower than that of South Africa (R101.37/kWh in 2020) as Namibia’s multiplier 
effect is somewhat lower (2.4 vs. 3.5), which is largely due to a lower multiplier effect in the manufacturing industry. 

20 The Namibian Statistics Agency (NSA) does not collect/publicize data at the degree of aggregation needed for this 
calculation. As far as the consultants are aware, the Namibia HIES collects data on the percentage of income spent 
on electricity purchases and not purchases on electricity dependent goods and services – which is needed for this 
calculation. The South African survey is relevant to Namibia as electricity dependent expenditure can be assumed to 
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those categories have been found to relate to electricity utility (electricity dependent items). 

Together, these expenditures comprise 14.3%21 (at a national level) of income earned from 

“compensation of employees” as reported in the South African SU-tables. On a provincial level, 

the HH electricity dependent expenditure ratio ranges from 17.1% (Free State) to 12% 

(Mpumalanga). This study uses the national average (14.3%) as the range of values is sufficiently 

small to warrant the use of an average.  

By dividing electricity-dependent household expenditure by residential electricity use (total 

domestic sales kWh), the average Residential COUE is estimated in N$ expenditure per kWh at 

N$11.12/kWh.22 

 

Table 11: Residential COUE 

COUE: Household Effect Residential 

Total average household income, in N$ per year 80 165 

Ratio: Electricity-dependent household expenditure to HH 

income 
14,3% 

Electricity dependent expenditure, in N$ per year 11 464 

Total residential electricity use (GWh per year) 1 031 

Electricity utility (N$ HH Expenditure/kWh) 11,12 

Source: Namibia COUE model 

 

3.3. Temporal dimension 

The key disadvantage of the macro-economic method is that it assumes that macro-economic 

indicators are a reasonable proxy for costs of unserved energy and is therefore insensitive to 

variations in costs associated with time-of-day, day-in-week, and time-of-year in which an 

interruption occurs. It thus provides average values that may over or underestimate the marginal 

cost of short duration interruptions. 

To sensitize the above COUE method to the time dimension, this study makes use of a similar 

technique used for the Dutch COUE study23. This approach allows for the estimation of costs of 

supply interruptions during different hours of the day (for industry), addressing one of the 

weaknesses of the production method approach. 

The COUE values presented above are average values, implicitly assuming that all sectors are 

equally active all the time. However, most sectors are not active 24 hours per day nor are they 

active 7 days per week. Some industrial firms (and the electricity sector itself) produce continuously, 

while service industries mostly produce during office hours only.  

 
 
 
be relatively similar, due to relatively similar living standards, distribution of income and goods & services that can 
be purchased (most of Namibia’s imports stem from South Africa).  

21 Note that this does not account for electrification figures. Differences in electrification between Namibia and South 
Africa will not affect the COUE much in this instance, as the COUE calculation focuses on those households that have 
electricity available.  

 
22 The true nuisance value is linked to the load profile of household electricity consumption (i.e., Household COUE is 
higher at peak load times and lower in low peak load times). The electricity utility value calculated represents an 
average value across 24h, and therefore cannot be sensibly used to make investment decisions in electricity reliability. 

23 De Nooij et al (2007) use assumptions to assign active hours per week for each sector (assuming that each firm in 
the sector has the same active hours). This allows the authors to estimate average costs of supply interruptions 
during different hours of the day. 
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To bring in the temporal dimension, this study makes assumptions per industry classification on 

operational (productive) hours, i.e., by assigning active hours per week for each sector (assuming 

that each firm in the sector has the same active hours). Since data about firms' production time 

specify the time pattern of production in only a very general way (round the clock, round the clock 

on weekdays only, during the day on weekdays, etc.), it was necessary to make assumptions about 

this (see Appendix B).  

To estimate the active hours for each sector, we distinguished the following types of firms:  

1. Firms that produce 24 h, 7 days a week: 365 × 24 = 8760 h per year.  

2. Firms that produce 24 h, 5 days per week: 52 × 5 × 24 = 6240 h per year.  

3. Firms that produce for 10 h per day, 7 days per week: 52 × 7 × 10 = 3650 h per year.  

4. Firms that produce for 10 h per day, 6 days per week: 52 × 6 × 10 = 3120 h per year.  

5. Firms that produce for 10 h per day, 5 days per week: 52 × 5 × 10 = 2600 h per year.  

The study assumes that each sector comprises firms of one type only, where the government sector 

is an exception to this assumption. The assumption that the services sector is not active on Sundays 

or between 18:00 and 08:00 Monday to Saturday is a simplification of reality - some shops as well 

as recreation firms and restaurants are active at those times. However, it can be assumed that 

most of the services sector's value added is generated during the hours between 08:00 and 18:00, 

which justifies this simplifying assumption.  

The costs of supply interruptions in this section are measured in two ways. First, as the damage per 

unit of electricity that is not delivered. This is the value of lost load (VoLL). This value is particularly 

useful if a supply shortage occurs. In such cases, some users have to be cut off. The total costs can 

be minimized by cutting off the users with the lowest VoLL. Second, the costs of supply interruptions 

are also measured as the amount of (economic) damage per hour. These latter values are useful 

when making decisions about investments in network reliability. The assignment of active hours per 

sector should have similarities to the load profile.  

Due to the variation in the times when sectors are active and the differences in VoLL between 

sectors, the VoLL changes during the day (and night) and during the week. The VoLL is a weighted 

average24 over all sectors that are active at that moment. Table 8 below reports the VoLL and 

damage per hour for all six different periods. On weekdays in the daytime, the service sector is 

dominant: this sector generates relatively much value added per unit of electricity, therefore the 

VoLL is the highest during normal operating hours during the week, namely N$42.76/kWh25. The VoLL 

is lowest on Sunday night, as expected, because that is when mostly the manufacturing and mining 

industry are the dominant electricity users. 

 

Table 12: VoLL and Economic damage per hour for six periods 

    1 kWh lost 1h no electricity 

Days Active hours VoLL (N$/kWh) Damage per hour (N$) 

Weekdays Day (08:00 – 18:00)                  42,76  NAD 41 439 244 

  Night (18:00 - 08:00)                  35,80  NAD 6 459 270 

Saturdays Day (08:00 – 18:00)                  37,79  NAD 15 619 710 

  Night (18:00 - 08:00)                     36,69  NAD 5 257 085 

 
 
 
24 Weighted by GWh used per sector. 

25 This is slightly higher than the Direct Economic COUE as the Direct COUE represents the average across all industries 
not accounting for time of day. 
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Sundays Day (08:00 – 18:00)                  14,18  NAD 6 985 837 

  Night (18:00 - 08:00)                     12,38  NAD 5 257 085 

Source: Namibia COUE model 

 

The table above also shows the amount of damage caused by one (1) hour of interrupted power 

supply for the different sectors and for the economy as a whole. Because not all sectors are equally 

active at the different moments, the amount of damage per hour varies throughout the week. A 

1-hour electricity supply interruption for the whole of Namibia on a weekday during normal 

operating hours (8:00 – 18:00) leads to an estimated damage (reduction in value added) of N$41.4 

million for firms and government.  

 

Figure 2: Economic damage per sector for a 1-hour electricity interruption 

 
Source: Namibia COUE model 

 

During normal operating hours (08:00-18:00 Monday to Friday) the manufacturing sector, which 

uses most electricity, incurs the largest damage per hour with N$16,6 million – see Figure 2. However, 

the composition of the damage changes in the evening: manufacturing suffers a smaller amount 

of damage than the services, mining, and agricultural sector during the week. It must be noted 

that the results are skewed by the diamond processing sector (part of manufacturing sector). When 

diamond processing is removed from the results (the manufacturing sector would incur a damage 

of N$10,4 million instead of N$16,6 million), the services sector would incur the largest damage 

during the week during normal operating hours with N$12,2 million lost during a 1-hour electricity 

supply interruption.  

3.4. Input data 

The official data used in this version of the COUE model include the following:  

Input 1 - NSA Supply and Use Tables (SU-tables): The SU-tables provide macro-economic 

transactions for the national economy, between sectors. The tables contain the following data of 

importance to COUE: GVA by sector and total national GDP; GVA attributed to households; 

compensation of employees; electricity purchases by final consumers for economic sectors.  

Input 2 – IO Tables (SAM model): privately owned but based on NSA SU-tables. 
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Input 3 – NamPower annual sales data and electricity tariffs: This data provides information on the 

distribution of electricity and the tariffs charged on electricity sales. The data is compiled annually 

and can be requested from NamPower.  

Input 4 – Electricity Control Board of Namibia (ECB) annual electricity sales data: The sales data 

and tariffs are disaggregated into regional redistributors (REDs) and by end customer (domestic, 

commercial, Large Power Users (LPUs)). The data is compiled annually and can be requested from 

the ECB. This data is used to estimate the tariffs applicable to each sector and to provide annual 

household electricity consumption (total domestic sales) for the household COUE calculation.  

Input 5 - Namibia Statistics Agency (NSA) Annual National Accounts: This data provides data on 

the compensation of employees (N$) which is a proxy for Annual Household Income – used to 

calculate household electricity dependent expenditure. The data is available annually and 

published by the NSA.  

Input 6 – South Africa Household Income and Expenditure Survey (HIES): This data is collected from 

a large sample of South African households and reports on approximately 870 categories of 

household expenditure on products and services, by province. The data is used to identify and 

quantify those categories of household expenditure which is electricity dependent and to provide 

the household electricity dependent expenditure ratio.  
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4. Supplementary COUE consumer survey 
The customer survey is used as a secondary source of information for the COUE, therefore, it only 

serves as a secondary method to verify and provide an order-of-magnitude test for the primary 

findings (which uses the macro-economic approach). The size and sample selection thus does not 

cover all economic industries within the Namibian economy and is very limited in size and scope – 

only commercial customers were surveyed and not residential customers26. The results are not used 

as the official Namibian COUE but only provide an order-of-magnitude test. See Appendix C for 

meeting minutes from the stakeholder consultation meetings that were held with all survey 

participants to present the survey outcomes. 

4.1. Sample 

As the survey results only aim to provide an order of magnitude analysis or a type of sensitivity 

analysis for the official, macro-based Namibian COUE model. Therefore, it was decided that the 

sample size can be contained to three to five entities per selected industry (two industries in each 

sector; primary, secondary, tertiary)27, to lessen the time it would take to interview stakeholders. The 

following industries (highlighted in green) were chosen:  

(1) to represent their specific sectors (primary, secondary, tertiary) – two industries were 

selected under each - and  

(2) due to their concentration (i.e., a relatively small number of companies – therefore a 

smaller sample size will be more representative).  

For most industries, five representative companies were chosen to participate in the survey 28. 

Table 13: Selected industries per sector29 

Primary Secondary Tertiary 

Crop farming Construction  Wholesale and retail 

Fishing Water & electricity 
Accommodation and food 

services 

Mining Manufacturing Health 

    
Financial and insurance 

services 

    Public administration 

    Business services 

Source: Cirrus 

 

 

 

 
 
 
26 Conducting a survey for residential customers throughout Namibia would be extremely time consuming, costly and 
thus impractical for the purposes of this survey. Responses from residential consumers are also likely to be biased, 
as Namibia has not experienced frequent or long electricity outages. 

27 There is no need for the sample to be wholly representative of the Namibian economy as the results are not used 
to inform the official COUE.  

28 Due to the small number of companies in the fishing sector, only three companies (including one fish processor) 
were chosen to represent the sector. Additionally, the financial and insurance industry has four representatives (two 
banks, one insurance provider and one large financial services firm). 

29 Agriculture was not selected as the industry is very widespread with multiple small entities – it is unlikely that a 
small sample would be representative. 
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4.2. Survey methodology and scenario design 

As recommended, the survey employs the direct worth method, which is most commonly used in 

international COUE studies. Under this method, survey respondents are presented with several 

outage scenarios, and have to specify the economic costs according to predefined cost 

categories.  

The direct worth approach relies on providing a detailed description to customers of one or more 

particular hypothetical outage scenarios and then, for each scenario, asking the customer to 

estimate the expenses they would incur. The questionnaire covers: 

1. The direct costs of outages (such as labour costs, restart costs, spoilage), but also any cost 

savings that might have arisen; and  

2. The indirect costs of outages, such as lost production or foregone sales. 

To provide a baseline to outage costs, respondents can, for example, be asked about their most 

recent experience with an electricity outage. This is covered in the ‘Historical outage’ section of 

the survey. 

Additionally, the survey gathers information about any direct expenditures that the customer may 

have undertaken to avoid outage costs, covered the survey section on backup/parallel electricity 

supply. The full survey questionnaire is attached to this report in Appendix D. 

The scenario design is based on a dimension selection that includes a duration, time of day, and 

frequency assumption. In order to come up with representative scenarios for the Namibian context, 

the survey design process made use of actual power interruption data, and the Namibia Quality 

of Service Standard. 

Generally, hypothetical scenarios should focus on no more than five aspects of supply interruptions, 

for example:  

• The time of year of the outage (2: winter and summer)  

• The time of day (2: 8 AM and 6 PM) 

• The number of outages (4: 0, 1, 2, and 3) 

• The outage duration (4: 10 minutes, 1 hour, 4 hours, and 8 hours)  

The more dimensions are included in the survey, the larger the number of scenario pairs that the 

survey participants need to answer (i.e., the longer and more complex the survey).  

To simplify the survey, the consultants chose only two dimensions:  

(1) time of day and  

(2) duration.  

The survey scenarios do not include a frequency dimension (number of outages) as one can 

assume that the number of outages can be treated as a multiple, i.e., the outage cost of twice a 

year/week is a multiple of once a year/week30. The time of year dimension was not deemed to be 

relevant for the purposes of the survey results.  

Given the analysis of the power interruption data discussed below, the hypothetical scenarios are 

based on: 

 
 
 
30 Note that this is a simplifying assumption and does not necessarily reflect reality for all electr icity consumers. 
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1. Outage duration (3: 10min, 1h, 8h) 

2. Time of day (2: 10AM and 10PM) 

The two elements of the time-of-day dimension were chosen to (1) fall into normal operating hours 

to measure the impact of power outages during the day and (2) fall outside of normal operating 

hours to measure the impact of power outage during the night.  

4.3. Survey results 

The survey was administered to various companies within the different industries/sectors (financial 

and insurance, services, fishing, manufacturing, mining, water and electricity and wholesale & 

retail). The survey was completed via a web survey, or a survey form sent via email between 

(03/10/22 – 25/11/22) – 8 weeks.  

The survey included questions on the business’ parameters (i.e., size of revenue/output and labour 

force, average monthly electricity consumption (kWh) and bill (N$), and others), the company ’s 

experience with historical electricity interruptions and costs incurred, back up or alternative power 

supply and estimating costs based on hypothetical power outage scenarios.  

Out of 27 companies that were contacted for participation in the study, 18 (67%) of the targeted 

participants responded (partially complete and fully complete). Responses provided by one of the 

companies contacted in the water and electricity sector were found to be unusable, as cost 

estimations were based on national numbers and not actual company numbers as required for the 

survey. Therefore, the discussions of the findings of the study are based on the results of 17 

participants only. 

Table 14: Survey participants31 

Sector/Industry 
Companies 

contacted  
Responded 

% of 

respondents  

Financial and Insurance 

services 
4 3 75% 

Fishing 3 3 100% 

Manufacturing 5 4 80% 

Mining 5 4 80% 

Water and Electricity 5 2 40% 

Wholesale and Retail 5 2 40% 

Total 27 18 67% 

Source: Survey data 

 

4.3.1. Power outage scenarios 

Survey respondents were asked to estimate the cost that their business would most likely incur 

should such a scenario take place. These hypothetical outage scenarios used different durations, 

i.e., 10 minutes, 1 hour and 8 hours, and took place at 10AM and 10PM, respectively. Respondents 

were asked to consider each outage scenario separately, and estimate the various costs incurred 

to their business.32 

 
 
 
31 Note: Due to (incorrect) data provided, the survey results from one of the companies in the water and electricity 
sector had to be removed from the sample.  As a result, only one company represents the sector (which limits the 
usefulness of the results for the water and electricity sector). 

32 All costs are based on a weighted average by electricity consumption (kWh). 
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Respondents were asked to consider the following costs in each scenario and come up with a total 

cost estimation. 

• Production losses (lost output/sales/revenue) 

• Direct damages (equipment damage, clean-up and/or recovery, damage to raw 

materials, hazardous material costs, waste, and associated waste disposal costs)  

• Labour costs (costs to make up lost production, overtime costs, labour costs during restart, 

stand-down costs, rest periods) 

• Backup costs (costs to operate backup generation) 

• Savings (savings on unused raw materials, fuel & electricity, unpaid wages, scrap value of 

damaged materials) 

In general, the survey showed that an interruption at 10AM disrupts operations for most companies, 

whereas an interruption at 10PM in all scenarios has a lesser impact, because most companies do 

not operate after hours – with exception for mining, fishing, and manufacturing. Most of these 

businesses operating in these sectors are open around-the-clock. Additionally, the consultants 

have noted that there are significant differences in losses across sectors and time periods. 33 

Scenario 1: Power outage of 10 minutes at 10AM and 10 PM 

Total costs incurred due to a 10-minute outage either at 10AM or 10PM are relatively similar across 

all sectors, according to survey responses. The mining sector, on average, occurs the highest cost 

at N$1.19 million, followed by the manufacturing sector at N$108,000 both at 10Am and 10PM. The 

wholesale and retail sector indicated that it would incur costs of N$5,000 at 10AM and only N$500 

at 10PM, on average. The smallest costs are incurred by the water and electricity sector and 

wholesale and retail sector respectively. 

Figure 3: Average costs (N$) incurred if outage lasts approximately ten (10) minutes 

 
Source: Survey data 

 
 
 
33 None of the financial and insurance sector companies responded to the hypothetical scenarios, thus their outage 
costs based on the hypothetical scenarios laid out above cannot be estimated from this survey. One company from 
the wholesale and retail sector also did not answer the hypothetical scenarios, therefore the results for that sector 
are based on one company only. So, the below analysis is based on the answers of 13 survey respondents. 
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Scenario 2: Power outage of 1 hour at 10AM and 10PM 

Similarly to the previous scenario, companies in the wholesale and retail sector are more likely to 

incur higher operating cost at 10AM than at 10PM, as the former interrupts their operating hours 

(i.e., incurs sales and revenue losses) while the latter only interrupts refrigeration of perishable 

goods. This trend is similar in the fishing industry, where most processing happens during normal 

operating hours and only refrigeration of fish is interrupted at 10PM. As for the manufacturing, 

mining, and water and electricity sectors costs remained approximately the same during a 10AM 

and 10PM one hour power outage. 

Figure 4: Average cost (N$) incurred if outage lasts approximately one (1) hour 

 

Source: Survey data 

The mining sector would sustain the highest loss as a result of unplanned power outages, with 

N$2.16 million at both 10AM and 10PM, if a 1-hour power outage were to occur. The costs to the 

manufacturing sector seem to be somewhat lower at N$175,244 for both time periods. The costs 

incurred at 10AM in the wholesale and retail sector are N$19,921 versus N$1,992 should a 1-hour 

power outage occur at 10PM. 

Scenario 3: Power outage of 8 hours at 10AM and 10PM 

As in the previous two scenarios, the mining sector incurs the largest average outage cost during 

an 8-hour power outage, approximately N$11.9 million at 10AM and 10PM respectively. 

Interestingly, this cost is lower than if one would multiply a 1-hour outage cost by 8 hours (N$17.25 

million). One would expect that the mining sector would incur the same costs per hour as most 

companies operate around-the-clock.  

For the wholesale and retail sector the average costs would shoot up dramatically (from 1-hour) 

during an 8-hour outage at 10AM – as such an outage would cause major operational losses 

(during prime operating ours) as well as substantial amounts of losses due to spoiled goods (approx. 

N$3 million).  
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Figure 5: Average cost (N$) incurred if outage lasts approximately eight (8) hours 

 
Source: Survey data 

The fishing sector would on average incur approximately N$350,000 more costs at 10AM than if an 

8-hour outage would occur at 10PM, likely because most of the operations (i.e., processing) take 

place during normal operating hours (8:00 – 18:00). The large average costs incurred at 10PM are 

presumably largely due to the refrigeration need of their produce – an 8-hour outage would spoil 

most of their product. 

4.4. Result analysis  

Similar to historical power outages, 10-minute, 1-hour and even 8-hour power outages seem to 

have a relatively small impact on the surveyed companies, if measured against their total 

output/revenue. Although, as expected, the cost of an 8-hour power outage as percentage of 

total output is highest for all companies, where most indicated that an 8-hour electricity outage 

would cost them less than 1% of their total output. It must be noted that these scenarios imply that 

the power outage is a once-off event, i.e., would not happen regularly, like loadshedding events 

in South Africa.  

Figure 6: Estimated output loss due to hypothetical power outage scenario as % of total revenue 

 

Source: Survey data 
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By assigning active hours per annum for each survey participant, one can calculate the amount 

of electricity (kWh) that is used by each participant per hour. From there, one can derive the cost 

of a one (1) hour power outage per kWh (see Appendix E for calculation). Table 13 below shows 

the N$ cost/kWh for a 1-hour power outage at 10 AM (i.e., during normal operating hours) and 

10PM (i.e., outside normal operating hours).  

Table 15: Cost/kWh experienced per sector for a 1h power outage 

  1 hour outage 1 hour outage 

  
N$ Cost/kWh at 

10AM 

N$ Cost/kWh at 

10PM 

Fishing 3,35 2,07 

Manufacturing 9,00 9,00 

Mining 154,17 154,09 

Water and electricity 7,66 7,96 

Wholesale and Retail 0,46 0,05 

Average [N$ 

Cost/kWh] 
34,93 34,63 

Source: Survey data, own calculations 

 

The average N$ cost/kWh across all sectors for a 1-hour power outage amounts to N$34.93/kWh 

during normal operating hours, versus N$34.63/kWh outside normal operating hours.  As an order of 

magnitude assessment, the survey results seem to be within range of the direct COUE calculated 

from the Namibia COUE model, namely N$36.19/kWh, as well as the calculated Value of Lost Load 

(VoLL) (value of 1kWh lost) during operating hours on weekdays of N$42.76/kWh. 
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5. Network Reliability Standard and Reliability Management 
5.1. Status Quo of COUE-Related Reliability Data in Namibia 

5.1.1. Introduction and Regulatory Framework 

Previous activities in the present Project have determined the value(s) of COUE per kWh for 

Namibia. 

To further use the COUE for national statistical, planning and target setting purposes requires data 

on the actual interruptions so that the per unit COUE value can be multiplied with the duration and 

magnitude of actual unserved energy (kWh not served) to determine an annual total value of 

unserved energy. 

To work with the COUE per unit to obtain actual costs of unserved energy, it is necessary to have 

power interruption data with the following characteristics: 

a) Interruption records at consumer level that provide – 

i. The duration of each interruption. 

ii. The load in kW that was interrupted – either as a measurement or at least an estimate 

based on knowledge of affected customers. 

iii. Classification of interruptions into causes - as defined in the Quality of supply and 

service standards (QOSS) - so that the results can be filtered for specific interruption 

categories (specifically, unplanned interruptions as applicable to the COUE). 

b) The above keeping of interruption records is a requirement placed on licensees in the QOSS, 

Section 4.5.4., and allows the calculation of system minutes lost and kWh lost, a key KPI that 

can be applied to the COUE value to determine total COUE. 

c) To take statistics beyond the very basic step, the above should be disaggregated at least 

between household consumers and non-household consumers, since the economic COUE 

value applies to the economic sectors other than households. 

d) To support future reviews of the COUE per unit value, and to enhance the application of 

this COUE to national statistics, the customer base of Namibian electricity utilities should 

include a classification by economic sector. The existing classification per tariff category is 

not useful to mapping customers to economic sectors, except that household consumers 

can be extracted because they have their own tariff categories in all distributors. For 

example, “business” or “general” tariff categories can cover any economic sector except 

households, and “institutional” tariff categories can cover any government service or even 

state-owned enterprises of all kinds. Customers within such tariff categories would therefore 

have to be classified according to economic sector (in addition to the tariff category – 

noting however that it is not suggested that tariffs should be differentiated by economic 

sector). 

The QOSS specifies the following in Section 4.5.4.: 

“The Licensee shall maintain a register of supply interruptions (including planned and forced supply 

interruptions). The register of supply interruptions shall include at least – 

i. identification of the network(s) or network segment(s) without power; 

ii. the cause category of the interruption; 

iii. whether the interruption is a transmission or distribution system interruption; 

iv. the start time / first report time of the interruption; 

v. the end time / time of last customer restored; 
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vi. the number of customer connections affected by the fault (estimate where detail data is 

not available); 

vii. the average kVA customer capacity affected by the fault (estimate where detail data is 

not available); 

viii. the system kVA of the total network affected by the fault (estimate where metering data is 

not available). 

Where a Licensee does not have a detailed network model that allows identification of individual 

customers affected by power outages, the licensee shall at least develop a register of networks 

and main sub-networks LV feeders from MV to LV transformation points) with their estimated total 

average system kVA and number of customer connections.” 

In addition to the QOSS, the ECB’s Licensee Performance Management Framework requires grid 

licensees to report System Minutes Lost annually. The underlying data for calculating system minutes 

lost also supports the determination of kWh lost per interruption, which can be summated to 

determine annual kWh lost, to which the COUE value can be applied. 

In summary, the regulatory framework for recording and reporting grid outage statistics is in place 

(and has been in place for nearly 20 years) through a combination of the QOSS and the Licensee 

Performance Management Framework. 

5.1.2. COUE-related Data Requirements and Status 

As was determined in previous activities of the present Project, useful interruption statistical data is 

not widely available and has not been collected by and from several electricity distribution 

licensees, despite this being required under the QOSS and ESI Performance Management 

Framework.  

Based on the consulting team’s experience of working with the major and some smaller distribution 

licensees, the following observations on the issue of outage data collection are useful: 

a) The ECB made available the eQOS quality of service recording and reporting software 

application to licensees in 2005, shortly after the completion of the initial development of 

the Namibian QOSS in 2004. Few licensees have adopted this or other suitable software 

solutions to systematically manage and record their quality-of-service performance. The 

ECB has also not enforced the implementation of these recording and reporting 

mechanisms in a manner that has produced tangible results. 

b) It is known to the consulting team that NORED has been using eQOS for several years to 

collect power outage data. However, these records do not include an indication or 

estimation of load dropped during interruptions. This implies that while frequency and 

duration of interruptions could be analysed, in the absence of information on the load 

dropped and/or the customers involved, the COUE accumulated cannot be assessed. 

c) The same issue as above also exists for the NamPower interruption data provided to the 

consulting team for the present Project, in that it details the duration of interruptions and 

the device/feeder that was switched but does not include data on the load dropped 

and/or the customers identified with a feeder. However, it is noted that NamPower does 

compute system minutes lost for the transmission system, which implies that such data must 

be available. 

d) Erongo RED did provide interruption data. This data is sufficient for computing system 

minutes lost as well as SAIDI, SAIFI and other indicators, and was used to demonstrate that 

kWh lost can be computed per outage event, summated and then used to calculate the 

total COUE in N$ for a specified period. 

 

In summary, the only outage statistics available at the time of writing of this Report are for the 

transmission network and for Erongo RED. Statistics for the other distribution networks have either 
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not been recorded as required or have not been reported as required. This indicates that 

enforcement and possibly support to licensees needs to be advanced to be able to gather 

statistics that can be used in conjunction with the COUE, in compliance with the Grid Codes.  

5.1.3. NamPower Transmission Statistics and COUE 

NamPower has provided key performance statistics for the transmission system from 2002 to 2022. 

This includes the system minutes lost (SML) for scheduled and unscheduled outages. Since the topic 

of interest to the present Project is unscheduled outages, only the unscheduled SML (USML) is 

considered further. 

System Minutes Lost for an outage event is calculated as: 

SML for an individual outage = duration of outage * maximum demand of lost load / maximum 

system demand 

The SML per outage is then summated over a year to give the annual SML. 

MWh lost can then be calculated back by dividing the SML / 60 minutes per hour * maximum system 

demand. 
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Figure 10 illustrates the transmission SML for the past 20 years. 

Figure 7: Transmission System Minutes Lost 

 

Source: NamPower USML Data 
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Figure 8 illustrates the annual transmission system maximum demand that relates to the system 

minutes lost. And Figure 9 shows the computer unscheduled MWh lost per annum (USML * maximum 

demand).  
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Figure 8: Transmission System Maximum Demand 

  

Source: NamPower Annual Reports 2002 - 2022 

 

Figure 9: Transmission System Unscheduled MWh Lost 

  

Source: NamPower Annual Reports and NamPower USML Data 
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Figure 10 shows the computed annual COUE at 2018 COUE valuation, both for the direct economic 

COUE and the total economic COUE. 

  



 

45 

 

Figure 10: Transmission System Annual Unscheduled Outage COUE 

 

Source: Cirrus, based on NamPower Data 

This implies that the total annual economic COUE arising from only unscheduled transmission system 

outages typically ranges between N$150 million and N$400 million (between some 1700MWh and 

4500MWh at a total COUE of N$85/kWh). Whereas the direct annual economic COUE arising from 

unscheduled outages typically ranges between N$50 million and N$200 million.  

5.1.4. Erongo RED 2021/22 Outage Statistics and COUE 

Erongo RED provided their medium voltage (MV) network outage data for the financial year 

2021/22. The data provided is at individual event level and includes the magnitude of dropped 

load per event as well as the maximum demand at the relevant NamPower in-feed point. SML is 

computed based on the dropped load in relation to the maximum demand of the relevant 

NamPower in-feed point (not the entire Erongo RED system). This means that the unserved MWh 

cannot be calculated back from the total annual SML but can be calculated per event and then 

summed for the year. Applying this method, the total kWh unserved during 2021/22 for Erongo RED 

due to MV outages was some 105.5 MWh and multiplying this with the direct COUE of N$36.19 gives 

an annual value of unserved energy of some N$3.8 million. 

The example above illustrates how the value of annual unserved energy can be calculated from 

outage event information as captured, for example, by a distribution utility such as Erongo RED, 

based on COUE figure as derived in the present Study. 

5.2. Applying COUE to System Planning Decisions 

5.2.1. The Transmission Grid Code 

In terms of Section 146(5)(b) of the Transmission Grid Code and Section 19(7)(b) of the Distribution 

Grid Code, key economic and financial parameters of customer interruption cost or cost of 

unserved energy is to be determined following a Board-approved process. 

Section 147 of the Transmission Grid Code states the following (highlights by the authors): 

“147. (1) The least economic cost criteria may be used - 

(a) when investments are made in terms of improved supply reliability or quality ; or 

(b) to determine or verify the desired level of network or equipment redundancy. 

(2) The least economic cost criteria requires - 
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(a) the determination of the cost of poor network services including the cost of 

interruptions, load shedding, network constraints and poor quality of supply; and 

(b) statistical analysis of network outages. 

(3) The least-cost investment criterion equation to be satisfied can be expressed as: Value of 

improved quality of supply to customers > Cost to the service provider to provide improved quality 

of supply. 

(4) If a project is proposed and pursuant to subcode (1)(a) a service provider uses the equation 

in subcode (2), the service provider should not invest in the proposed project if the value of the 

improved quality of supply to the customer is less than the cost to the service provider to improve 

the quality of supply. 

(5) Equation above can be stated differently as: Annual value (N$/kWh) x Reduction in 

expected energy not served to Consumers (kWh) > Annual cost to the service provider to reduce 

expected energy not served (R). 

(6) For purposes of subcode (4) - 

(a) the reduction in expected energy not served is calculated on a probabilistic basis 

based on the improvements derived from the investments ; and 

(b) the cost of unserved energy is a function of - 

(i) the type of load; 

(ii) the duration and frequency of the interruptions; 

(iii) the time of the day the interruptions referred to in subparagraph (ii) occur; 

(iv) whether notice is given of the impending interruption; 

(v) the indirect damage caused; 

(vi) the start-up costs incurred by the consumers; 

(vii) the availability of customer back-up generation; and 

(viii) many other factors.” 

 

The requirements of the Transmission Grid Code are interpreted to imply the following, thereby 

allowing for the practical implementation of using the COUE per unit value as derived by the ECB: 

a) Under Section 147 (2) b), statistical analysis of network outages is required to implement the 

provision of the Grid Code. A pre-requisite is that suitable network outage statistics have 

been collected and are available for analysis.  

b) The transmission licensees must apply probabilistic methods to evaluate network 

investments aimed at improving reliability of supply, using the outage statistics in 

conjunction with the COUE rate determined by the ECB. 

 

5.2.2. The Distribution Grid Code 

The Distribution Grid Code, while referring to key economic and financial parameters of customer 

interruption cost or cost of unserved energy is to be determined following a Board-approved 

process like the Transmission Grid Code, has less specific requirements regarding the use of COUE 

(i.e., it is vague in its requirements for the use of COUE in comparing investment options) . 

The key differences are: 

a) It does not include the classification of network investments made for improving reliability 

which the Transmission Code directly links to the use of COUE, 
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b) It does not refer to probabilistic methods to be applied to assess improvements in network 

reliability when comparing investment solutions. 

 

5.2.3. COUE Applications in South Africa 

In March 2020, the National Energy Regulator of South Africa (NERSA) released their “Update of the 

Cost of Unserved Energy (COUE) values on the Framework for the determination of the COUE for 

Licensed Electricity Distributors” which provides the following succinct description on the use of 

COUE (highlights by the authors): 

“COUE is used to provide an economic value to the cost of electricity interruptions to electricity 

customers and the economy as a whole. These values are used to inform a number of investment 

and refurbishment decisions on the power system, with the aim of optimising the reliability of the 

network. The benefit of reducing the frequency and duration of electricity interruptions is quantified 

in economic terms so that business cases for network investment, planning and refurbishment can 

be appropriately defined and optimal levels of reliability engineered for the needs of the South 

African economy. 

The impact of an investment decision on the reliability of supply is usually measured by the change 

in the amount of unserved energy experienced due to interruptions of supply. The evaluation of its 

worth to the customer requires a knowledge of the cost of unserved energy, i.e. of the economic 

losses associated with a unit of unserved energy. To this end, the COUE figures are one of the key 

economic evaluation parameters for investments to upgrade and refurbish the network at 

Generation, Transmission and Distribution levels. 

Distribution planning uses COUE for load forecasting, reliability based planning and investment 

decisions. Load forecasting is premised on sub-zone classification and customer class building up 

from substation level. This requires economic impact measurement disaggregated by substation 

and by economic segment. Reliability-based planning uses the COUE values to support capital 

investment breakeven planning. Distribution Planning also uses COUE in determining the least Life 

Cycle Cost (LCC) of infrastructure investment alternatives . The cost of the project to the electricity 

utility is weighed against the (cost) impact to customers of energy not served if the project is not 

done.” 

The same NERSA document suggest the following use of the different COUE values:  

“Metros have a bigger contribution to the national GVA than smaller municipalities (non-Metros) 

such that an economic event in a Metro tends to have a more profound effect on the national 

economy due to the ripple effects of indirect and induced effects. It is therefore appropriate to 

use national Total COUE value for Metros and Direct COUE value for Non-Metros when evaluating 

projects. 

Metros shall use the national Total COUE value when evaluating distribution network projects. It 

therefore follows that: 

• When a project under evaluation has unknown customer mix, Metros shall use the weighted 

average national Total COUE value … 

• When a project under evaluation has a known customer mix of the sectors affected, Metros 

shall use the weighted average of the sectors’ national Total COUE value.  

Non-Metros shall use Direct COUE value when evaluating distribution network projects. It therefore 

follows that: 

• When a project under evaluation has unknown customer mix, Non-Metros shall use the 

weighted average national Direct COUE value … 

• When a project under evaluation has a known customer mix of the sectors affected, Non-

Metros shall use the weighted average of the sectors’ national Direct COUE value.  
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• When a project under evaluation has a known customer mix of the sectors affected, Non-

Metros shall use the weighted average of the sectors’ distributor specific Direct COUE value.” 

 

Arguing along the above lines one could follow a similar approach in Namibia, except that the 

total COUE would only be applied to outages that affect the entire Walvis Bay, Windhoek or the 

entire Khomas or Erongo Regions. Most other outages should arguable be valued only at the direct 

COUE since they would most likely not affect the economy comprehensively.  

 

5.2.4. COUE Applications in Namibia in the QOSS Context 

Tables 16 to 18 below are extracted from the NAMS/ESI 02:04-2021 Namibia Electricity Supply 

Industry: Quality of Service Standard and are examined for relevance to the topic of COUE.  

Table 16: QOSS Table 4: Restoration Times After Forced Interruptions (Overall Indicator) 

Percentage of Interrupted Supplies 

Restored 

DX/Supply Urban DX/Supply Rural TX/ Supply 

Rural and Urban34 

30% 1.5h 3h 3h 

60% 3.5h 7h 7h 

90% 7.5h 15h 15h 

98% 12h 24h 24h 

100% 24 hours 48 hours 72 hours 

Source: Quality of Service Standard 

Table 16 does not contain any parameters to which the COUE can be applied. This is as it speaks 

to individual events rather than the total (annual) interruption durations, which would be the 

statistical quantum to which COUE would be applied when determining an annual COUE. Without 

the context of specific interruption events and associated statistics on how licensees apply the 

provisions contained in Table 16 to such events, no conclusions can be drawn as to the applicability 

of the provisions contained in the above table in relation to the COUE. 

Table 17: QOSS Table 5: Number and Duration of Interruptions per Year (Overall Indicator)/DX 

network 

 Planned interruptions Forced interruptions 

 Overhead 

network 

Underground 

network 

Overhead 

network 

Underground 

network 

Category of network Number Time Number Time Number Time Number Time 

Urban established 6/y 24h/y 3/y 16h/y 12/y 32h/y 4/y 24h/y 

Urban developing 8/y 48h/y 6/y 24h/y 24/y 120h/y 6/y 32h/y 

Rural overhead (≤33 

kV) 

8/y 48h/y NA NA 24/y 120h/y NA NA 

Overhead up to 66 

kV 

6/y 12h/y NA NA 4/y 12h/y NA NA 

Source: Quality of Service Standard 

Table 17  is more tangible in relation to the COUE as it refers to the interruptions in the distribution 

network (i.e., directly to end consumers). Relevant to the COUE rate would be the total 

“acceptable” duration of outages resulting from forced interruptions. For established networks in 

 
 
 
34 NOTE The restoration time for TX/Supply excludes failure of critical equipment. 
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urban areas, for example, Table 17 indicates that this would be 24h for underground networks, and 

32h for overhead networks.  

Assuming that the majority of economic activities in the country (besides those taking place with 

a direct supply by NamPower) are served using underground networks in urban established areas, 

one could (broadly) estimate that Table 5 implies a national annual COUE of between some N$126 

million (for outages during weekend nights, at N$5.26 million/h) to almost N$1 billion (for outages 

during weekday daytime hours, at N$41.4 million/h). Using a duration of 32h as a proxy for the 

“average” electricity customer, the annual COUE would rise to between N$168 million and N$1.236 

billion. 

Therefore, and using assumptions to state a simplified scenario, i.e., that the majority of non-

household consumers are connected to either urban developing underground or urban 

established overhead networks, and that the majority of interruptions occur during weekday 

working hours (expressing the worst-case scenario), then the “acceptable” annual COUE amounts 

to some N$1.25 billion. 

Table 18: QOSS Table 6: Number and Duration of Interruptions per Year per Line (Overall 

Indicator)/TX network 

 
Planned interruptions  Forced interruptions 

Overhead Transmission  Overhead Transmission  

 Category of network Number Time Number Time 

Rural Overhead (66 kV) 6/y 9 d/y 24/y 120h/y 

Rural Overhead (132 kV) 6/y 9 d/y 24/y 120h/y 

Rural Overhead (220 kV) 6/y 9 d/y 5/y 25h/y 

Rural Overhead (330 kV) 6/y 9 d/y 5/y 25h/y 

Rural Overhead (350 HVDC) 6/y 18d/y 5/y 25h/y 

Rural Overhead (400 kV) 6/y 9 d/y 3/y 10h/y 

Source: Quality of Service Standard 

Table 18 applies to the transmission network, which does not directly relate to the supply of the 

majority of end consumers. However, as the table specifies interruptions per line, it does not relate 

directly to consumer experience, since a line may have backup options and an outage on some 

lines does not automatically imply that consumers will be affected by an interruption.  

Therefore, Table 18 does not readily allow for conclusions to be derived regarding the implied 

“acceptable” annual COUE. Despite this shortcoming, and assuming that the majority of 

consumers (indirectly) depend on the country’s 220kV system, and noting that an “acceptable” 

forced outage time is 25h per annum, then the resulting annual COUE would be of the same order 

of magnitude as determined in the case of Table 2 above (Table 5 QOSS), i.e., approx. N$1 billion 

per annum, if all interruptions take place during weekday working hours (expressing the worst case 

scenario). 

Putting this in context of NamPower’s transmission outage statistics reported in Section 2.3, 

NamPower’s actual performance is well within the parameters required  for the maximum duration 

of forced interruptions in the QOSS. 

 

5.2.5. Development of Reliability KPIs and Targets 

From the above deliberations it is clear that System Minutes Lost is the standard industry KPI that 

directly enables the calculation of annual COUE (or rather the data required to calculate SML also 

allows the calculation of kWh lost, to which the unit rate of COUE can be applied). SML is an existing 

KPI required to be recorded and reported by grid licensees. 
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Provided that outage data required to compute SML is recorded in a manner required by the QOSS 

then detailed analysis per outage cause type and potentially by economic sector would become 

possible. 

As concluded in Sections 2.1 and 2.2, the regulatory framework to collect the outage data required 

to support the use of COUE unit values is in place but has not been enforced. 

The only existing targets that can be related to COUE are contained in the QOSS, which can be 

regarded as the “reliability standard”. Interpretation of the QOSS targets allows a “maximum 

acceptable” value of annual COUE to be deduced, although it must be understood that COUE 

was not a material consideration in the development of the QOSS, and thus the ECB may consider 

reviewing the QOSS once statistics are available and the actual COUE can be computed, which 

will shed a different light on the QOSS targets in an economic context.  

The ECB’s Performance Management Framework for the ESI includes SML as the key indicator for 

reliability. In the light of the present project, this is insufficient to monitor the reliability of supply to 

consumers, even though it would be sufficient to compute the amount of unserved energy. 

Additional KPIs are required to adequately reflect reliability performance of the grid. The 

international standard indicators for system reliability are the set of indicators which include the 

following: 

a) SAIFI – System Average Interruption Frequency Index 

b) SAIDI - System Average Interruption Duration Index 

c) CAIDI – Customer Average Interruption Frequency Index 

d) CAIFI - Customer Average Interruption Duration Index 

These indicators do not directly relate to the application of COUE since COUE is expressed in 

N$/kWh and therefore requires kWh not served as an input to assess the economic value of energy 

not served. The same data used to compute the above can however be used to compute SML 

and thereby unserved energy in kWh. 

The system indicators (SAIDI, SAIFI) measure the reliability of the entire system. While that is useful to 

assess the overall average performance it does not do justice to customers who may be affected 

by outages much more than others. As an example, in a RED, customers on a town network will 

likely be much less affected by outages than customers on rural networks. The system indicators, 

likely dominated by the large numbers of urban customers, will not provide a realistic indication of 

the reliability experienced by rural customers. For this reason, it is important to also use the customer 

indicators (CAIDI, CAIFI) because these include only customers affected by outages in the statistic, 

thereby making it more representative. For licensees with a mix of urban and rural networks, the 

indicators should be monitored separately for at least the two major network types (in addition to 

the overall statistics). 

It is therefore useful and relevant to implement the above KPIs since the provide internationally 

compatible statistics on grid performance, while relying on data that can also be used to apply 

COUE. 

The above indicators all relate to interruptions exceeding 5 minutes (as per the IEEE-1366 standard). 

The local determination of these indicators should comply with the IEEE-1366 standard to ensure 

comparability with international benchmarks. The lower limit of 5 minutes is used to eliminate short 

interruptions that are cleared by network automation, thus retaining interruptions that require 

manual intervention to address. This in turn therefore measures the effectiveness of the manual 

intervention mechanisms of the licensees, including the effectiveness of (among others) – 

a) Reporting options available to customers, 

b) Deployment and availability of field staff to deal with outages, 
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c) Deployment of arrangement of network switches to optimally isolate faulty network 

segments while restoring supply quickly to network segments are not faulty but may have 

been switched off during the initial trip, 

d) Innovative use of SCADA, remote metering and other electronic, remote and automatic 

means of determining which network segments are without power, so that corrective action 

can be targeted at the optimum locations. 

The above factors are within the control of the licensee, and therefore suited to performance 

measurement and management. 

As regards the setting of targets for the KPIs, these must be based on historic performance. 

International benchmarks can be consulted, but previous benchmarking work for the Namibian EDI 

(mainly the 2018 National Distribution Tariff Study) has highlighted that the network and customer 

base characteristics of the three Namibian REDs and the City of Windhoek differ to an extent that 

direct comparison is not reasonably possible. In the same vein, comparison to international 

benchmarks would have to be very carefully assessed, since finding utilities with comparable 

customer and network characteristic combinations will be very difficult (as was found during past 

work on the ECB’s licensee performance management framework). 

Another critical factor in driving performance management in the reliability realm is the cost of 

maintaining and improving network reliability. Network cost in Namibia is high due to the vast and 

lightly loaded networks in the country. This places critical emphasis on the cost-effectiveness of 

reliability solutions since unwise investments may contribute to making the network cost 

uncompetitive and ultimately contribute to grid defection. On the other hand, low network 

reliability combined with already-high cost will also contribute to network defection if customers 

decide to make investments to supply their own supply reliability. The setting of KPI targets for 

individual licensees must therefore be carefully considered to find a workable compromise 

between adequate reliability and acceptable cost. 

 

5.2.6. Use of COUE to Target Reliability Investments 

The investment comparison mechanism using COUE intended by the Grid Codes can equally be 

applied to the identification of areas where reliability investments by a grid licensee should be 

targeted or prioritised. 

If interruption statistics are recorded as required and can be combined with a licensee’s customer 

database which is categorized by economic sector, then the annual total N$ COUE could be 

determined for specific areas in a licensee’s networks (by applying the economic sectoral 

customer mix to the outage statistics of each area or network). For example, the annual COUE 

could be determined for a town, or a region, or an area served by a specific supply network.  Using 

this approach, areas with high COUE can be identified for investigating corrective actions.  

This approach of applying COUE would be a significant refinement compared to just considering 

reliability statistics such as SAIDI or SML, since it puts the outage statistics in an economic value 

context for targeting investments. For example, two areas may be identified to have equally “bad” 

reliability, but one area may have a much higher COUE value compared to the other, due to 

economic activity being present, and an argument can be made to first target investments to the 

area that has a higher economic value justification. 

This must however not be used to justify neglecting reliability investments in areas with low 

economic activity. Supply in all areas must comply with the QOSS, and it is beyond this “worst case” 

requirement that prioritisation based on economic value could be applied. 
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6. Guideline for the Application of COUE 
6.1. Implementation of the Use of COUE by the Regulator 

It is proposed that the ECB consider the inclusion of SAIDI, SAIFI, CAIDI, CAIFI and possibly one or 

two further variants thereof in the up-coming review of the ESI Performance Management System.  

These KPIs could be added to the existing SML indicator for all grid licensees, as this would 

strengthen the implementation of the QOSS standards and their associated recording and 

reporting of performance. 

Further, licensees should be required to compute kWh lost per interruption event to ensure that 

data applicable to COUE computations is available when needed. 

The following steps are proposed towards implementing data collection and reporting on the 

above KPIs and coming to a position where targets can sensibly be set: 

a) Enforce the QOSS and Performance Management Framework (PMF) requirements 

regarding recording of outage data compliant with the requirements specified in the QOSS. 

The following sub-activities can be considered to facilitate this process: 

1. First, prioritize large and/or more sophisticated distributors, i.e., 

i. NamPower Distribution 

ii. the REDs 

iii. City of Windhoek 

iv. Oshakati Premier Electric 

2. After having established systems and data standards for the above, successively roll 

these out to smaller licensees, applying the lessons learned from the above. 

3. Provide systems development assistance to licensees if deemed in the interest of the 

ESI and in terms of standardization of data collection (for example, through the re-

development of eQOS or a similar system on a modern platform). 

4. Assist smaller licensees to establish the databases required to allocate connections 

to switching points, as such licensees are unlikely to muster the resources to 

complete this task, also noting that a standardization in approach would probably 

add value to the ECB’s efforts. 

5. Ultimately the ECB should however not take responsibility for tasks that licensees are 

legally required to undertake. Whatever assistance the ECB provides should be in 

the interest of ensuring standardization and accelerating and harmonizing data 

collection and processing efforts across the industry. 

b) In parallel with the above, develop a standard economic classification of consumer 

connections (refer to Appendix F which contains a draft proposal) to be implemented by 

licensees as part of their data collection efforts. 

1. The aim should be that outage data per switching point should not only include the 

maximum demand at the point but also the estimated economic sectoral 

classification/proportion of consumers connected to the switching point. 

2. Classifying customers will mainly be a significant once-off exercise which must then 

simply be maintained, requiring a certain amount of data discipline which the 

licensees should exercise anyway in their own business interests. 

c) Collect and compile the licensee outage statistics in the ECB statistics and PMF tools. To 

refine this, the following is recommended: 
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1. Unserved kWh should be computed per interruption event to enable summating for 

specified criteria and periods. 

2. An agreement should be sought between stakeholders as to which level of network 

outages will be included in the outage recording system and outage statistics at 

what stage of development. Specifically, such activities should commence by 

considering the medium voltage network outages only (as recorded by Erongo 

RED). Then, data and systems permitting, such an initiative could – in time – be 

expanded to include certain pre-determined levels of low voltage outages too. 

3. To decide on the above, it is recommended that outage performance is assessed 

and monitored across at least two years, and discussed by Q-Tech, to determine 

whether the contribution of low voltage outages is sufficiently significant to warrant 

inclusion in the statistics, in relation to the effort required to collecting the data. 

d) Once outage performance data is available for at least the large and/or sophisticated 

licensees for at least a two-year period, the ECB should engage with licensees to set targets 

for the agreed KPIs. These would then be integrated into the ECB’s performance 

management framework. 

 

6.2. Calculation Approach 

The challenge in following the requirement of the Transmission Grid Code is that the investment to 

be made by the licensee is a direct financial value (i.e., a cost to the licensee), while the COUE is 

a macro-economic (i.e., indirect) value. Minimising unserved energy is of benefit to an economy 

on aggregate if the value of unserved energy is reduced by an amount greater than the cost of 

ensuring such a reduction. The two cannot therefore be directly combined in a calculation, since 

the entity making an investment and the entity/entities benefiting from an investment are often 

not the same.  

 

The proposed calculation approach assumes that the cost of the licensee is ultimately borne by 

customers, and therefore the economy (as prescribed by the Namibian Government policy 

regarding cost-reflective electricity pricing). Therefore, the investment and operating cost for a 

given asset must be translated into a time series of cost that the economy has to bear, which is in 

the form of electricity tariffs. Further, since commercial customers generally cross-subsidise 

households, it is suggested that enterprises and productive activity carry most of the cost of an 

electricity investment, rather than being borne by households alone. Consequently, such cost is to 

be expressed as a time series of investment-related costs, as reflected in the licensee’s revenue 

requirement submission to the Regulator. The benefits can be reflected as the value of COUE 

applied to the expected reduced unserved energy. These two time-series can then be compared 

and subjected to an NPV calculation. The discount rate applied to the NPV computation should 

be the projected inflation rate (CPI) for the country. The purpose of using inflation when calculating 

NPV is to account for the time value of money and the eroding purchasing power of money over 

time. 

 

6.3. Implementation of the Use of COUE by Transmission Licensees 

The Transmission Grid Code explicitly requires that investments aimed at improving reliability of 

supply be subjected to economic analysis of solution options. Such analysis is to include the use 

of the COUE rate determined by the ECB. 

 
6.3.1. Calculation 

The following approach is recommended: 

 

a) The total COUE rate should be used (for major interruptions or interruptions to major 

economic hubs such as Windhoek or Walvis Bay, or the Erongo or Khomas Regions) since 
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transmission typically affects all economic sectors, especially for reliability of supply to the 

country. For reliability investments affecting only small areas or areas with limited economic 

activity, the direct COUE rate should be used. The type of COUE applied for each 

calculation should be clearly specified. 

b) Compute the cost side as it would reflect on tariffs through an increase in revenue 

requirement of the licensee, expressed in N$ that will be carried by the economy 

(customers) per annum, including: 

a. The cost of the capital investment expressed in depreciation charge and return on 

investment at the WACC determined by the ECB. The ECB should provide the 

licensee with an agreed forward average WACC for this calculation.  

b. The number of years for the calculation should be 25 years as specified in the Grid 

Code unless the asset is expected to have a shorter useful life, in which case the 

useful life should be used. 

c. The method for forecasting depreciation and return should be subjected to 

revaluation adjustments as provided for the in applicable tariff methodology, and 

consequently the applicable WACC rate should be used for calculating the allowed 

return. 

d. The cost of operating and maintaining the asset. This can be computed either by 

direct costing or by applying typical parameters such as a percentage of the capital 

investment, subjected to inflation. 

c) Compute the annual COUE value of improved reliability (with improved reliability 

determined using probabilistic methods as prescribed by the Grid Code), i.e., the expected 

reduction in unserved kWh as determined by the licensee multiplied with the applicable 

COUE rate, per annum. 

d) Compute the annual net value of the cost versus the benefit as above and calculate the 

NPV, using the forecast official inflation rate as discount rate. 

e) The above calculation should be conducted for all technical solutions being considered, 

and the solution with the best NPV should be selected as provided for in the Grid Code. 

f) A summary of the assumptions, calculations and results should be presented to the 

Regulator, either as part of a master plan or as an individual submission for approval of 

major investments. 

6.3.2. Implementation 

The following implementation steps/factors are recommended: 

a) Outage data is already available through the SML calculation, although not by economic 

sector. The calculations used to determine annual SML should be expanded to also 

calculate kWh unserved (per event) for further use. 

b) Investments for improved reliability are to be identified in master plans and the Grid Code’s 

prescribed method applied as per the guideline provided in 6.3.1 above. 

c) Ad-hoc reliability investments not included in master plans are to be submitted using the 

same process and submitted for regulatory approval as and when required. 

d) The transmission licensee should be requested to propose an approach or method for the 

probabilistic assessment of improvement in unserved energy which will be used for the 

calculation that applies the COUE. 
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6.4. Implementation of the Use of COUE by Distribution Licensees 

6.4.1. Implementation – Data Collection 

The collection of power outage data suitable for COUE analysis necessitates some or all of the 

following: 

a) Whatever system or database is used to capture power outages must be linked (either live 

or through network definition coding that can be linked to the customer database) to 

network switching points to enable reasonable estimates of the actual load (average 

and/or maximum) and the identification of customers affected. 

b) A pre-requisite of the above is the existence of a comprehensive network topology map 

(preferably linked to geographical information) with identified switching points that can be 

referred to when power outages are recorded. It is not known to the consultants to what 

extent such network topology maps exist or are in use by the major distributors. 

c) A further pre-requisite for the above is the existence of a comprehensive customer 

database, where each customer (connection) can be linked to the nearest up-stream 

network switching point. The REDs as well as the City of Windhoek and Keetmanshoop 

Municipality are active users of a customer database system (called eMIM, developed and 

supported locally by EMCON). For Erongo RED and CENORED, the customers are linked to 

bulk supply points, but more detailed switching points downstream are not available. For 

NORED, the City of Windhoek and Keetmanshoop, a mapping of customers to switching 

points does not yet exist. Creating a detailed mapping would be a significant and costly 

exercise for distributors. 

d) Once the above pre-requisites are in place, power outages must be recorded with 

reference to the nearest switching point. From the linkage to the customer database, it 

would then be possible to prepare a reasonable estimate of load dropped at each 

switching point. If the customer database also contains a categorization per economic 

sector, COUE impacts could be reported per economic sector. 

e) As an interim step it can be considered to use interruption statistics for medium voltage 

network interruptions only for computing kWh unserved and later consider expending this 

to low voltage network interruptions if the low voltage network interruptions are found to be 

significant. 

The eQOS software, on which eMIM is based, could be deployed for the smaller distributors, and 

set up to comply with the above pre-requisites. Interfacing with billing systems used by smaller 

distributors would have to be established, and the functionality of eQOS would need to be 

expanded closer to eMIM, to enable direct computation of unserved kWh. 

 

6.4.2 Implementation – Investment Vetting 

To implement the assessment of relevant network investments by licensees using COUE, the 

following steps are recommended: 

a) Review the scope and frequency at which licensees seek ECB approvals for capital 

projects. 

b) Determine practicable and sensible thresholds (in consultation with licensees) that are to 

be applied to capital projects that must be submitted for regulatory approval, noting that 

not all projects are of a scale and significance that warrants regulatory review. These 

thresholds should differ between transmission and distribution licensees and may be varied 

between licensees with different asset base values so that the threshold for an individual 

licensee relates to the total value of the licensee’s assets. 

c) Agree with licensees how and how often capital network investments that require 

regulatory review are to be submitted. As per current practice, it may be most efficient that 
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major projects are compiled in master plans, and that such master plans are submitted for 

regulatory review and approval. Projects being considered outside or in addition to such 

master plans should be submitted individually as required. 

d) COUE calculations are to be considered for investments to improve network reliability only 

(not prescribed by the DX Grid Code, but recommended), based on a similar calculation 

as for transmission. 

e) As for transmission, reliability investments are to be included in master plans to be submitted 

for regulatory approval, and master plans are to present all planned investments, including 

comparative economic assessments of technical solutions as per section 6.3.1 above.  

f) As for transmission, investments in-between master plans are to be subjected to the same 

analysis and submitted to the Regulator for approval.  

g) A minimum threshold for projects to require review and approval is to be determined by the 

Regulator, in consultation with relevant licesees. This could be related to the revenue 

requirement of the licensee, e.g., investments with impact below X% on next revenue 

requirement (or just on total depreciation and return) may be exempted the formal process 

to obtain regulatory approval.  

h) Projects with many small components but which can be considered as one single initiative 

aimed at improving reliability (e.g., the installation of reclosers and creation of rings on 

several different networks throughout a RED’s area) should be considered as a single 

investment when determining whether regulatory approval is required. Projects to improve 

reliability performance can include investments other than direct network projects – e.g., 

investments in outage management solutions aimed at improving response times to 

outages would also fall in this category. 

 

6.4.3 Implementation – Investment Prioritisation 

To implement the identification of relevant network reliability investments by licensees using COUE, 

the following steps are recommended: 

a) Activate the data collection and integration measures envisaged in section 6.4.1. above. 

b) Routinely apply the direct COUE rate determined by the ECB to the kWh lost by economic 

sector per area or network. The licensee should determine sensible delineation of areas or 

networks for which the economic cost of reliability should be determined. 

c) Identify areas/networks with a high value of economic loss (annual COUE) and investigate 

whether and how reliability can be improved, and subsequently apply the investment 

comparison using COUE to the investment alternatives identified. 

d) In parallel to the above, monitor that all areas/networks comply with the minimum 

requirements of the QOSS, irrespective of the economic value calculations.  
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7. Conclusion 
Based on the analyses presented in the methodology section and the data availability in Namibia, 

the following recommendations were put forth for the determination of the Namibian COUE.  In the 

interest of time, costs, and repeatability of COUE assessments, it was recommended that the main 

approach is the macro-economic/production function approach, which can be applied to both 

the Residential and Economic COUE. To address one of the key weaknesses of the production-

function method, it was further recommended that such an assessment includes a temporal 

dimension, where active hours are assigned to each sector. The consumer survey method should 

only be used to supplement the production method estimation for industry, as a sensitivity analysis 

and order-of-magnitude check to compliment the main approach.  

The COUE method developed, assumes that businesses and households experience the outages 

as irregular and of low likelihood and short duration; and therefore, little or no mitigation is possible 

or feasible. The method calculates an Economic COUE and a Residential COUE. The current version 

of the COUE model estimates COUE for 2018 as this is the most recent year for which the SU-Tables 

and IO-Tables are available. Annual COUE updates are possible, after most of the data inputs had 

been updated and if SU Tables would be made available annually by the NSA. It is also possible to 

update the model for retrospective years if such data is available.  

The Economic COUE assumes that economic production in an industry, as measured by Gross 

Value Added (GVA), is lost during an outage event. Thus, the methodology for determining the 

Economic COUE is based on GVA produced in the economy and the electrical energy consumed 

to produce that value-add. In the Namibian COUE model, GVA then is divided by the kWh used in 

the same period, which gives an estimate of the loss per kWh interrupted. The national Direct 

Economic COUE is N$36,19/kWh. 

If one removes diamond processing, which is a high value add sector that uses relatively lit tle 

electricity, from the COUE calculation, the Direct Economic COUE for Namibia would be 

N$32,39/kWh (diamond processing accounts for 11% of Direct COUE). In planning and investment 

decisions, this outlier should be considered, as it is very likely that a sector like diamond processing 

could relatively easily fully rely on self-generation if regular outage scenarios (such as the load 

shedding taking place in South Africa) would occur. 

It is a well-established economic concept that direct effects in one or more industries have indirect 

effects on the rest of the economy via the complex system of interlinked transactions that take 

place on a daily basis. In the case of unmitigated power outages, these indirect effects result from 

reduced sales to clients due to production losses, and therefore also reduced purchases from 

suppliers as well as reduced GVA. The combined “direct effects” and “indirect effects” result in a 

“total economic effect”. The methodology used for this version of the Economic COUE model 

considers both direct effects and indirect effects in the economy for a combined total effect which 

incorporates costs arising from cross-linkages in the economy.  The resultant Total Effect for 2018 is 

N$85,38/kWh. 
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Figure 11: Economic and Residential COUE summary 

 

Source: Namibia COUE model 

 

The Residential COUE assumes that households receive a utility from electrical energy, measured 

by its expenditure on items that are electricity dependent. This average utility is lost during an 

outage event. This does not affect economic production (as in the case of the Economic COUE) 

but causes discomfort, disruption, and nuisance. The Residential COUE is calculated by taking the 

household expenditure items that depend on electrical energy use and dividing it by the domestic 

use of electricity. The average Residential COUE is estimated in N$ expenditure per kWh at 

N$11.12/kWh. 

As an order of magnitude assessment, the survey results seem to be within range of the direct COUE 

calculated from the Namibia COUE model, namely N$36.19/kWh, as well as the calculated Value 

of Lost Load (VoLL) (value of 1kWh lost) during operating hours on weekdays of N$42.76/kWh. Given 

the experiences and the quality of data received from respondents, the consultants would not 

recommend using the survey results to be used to reflect or represent the national COUE, but that 

such results are used as an order of magnitude test. Going forward, the time and cost implications 

of surveys would likely result in extended time periods between updating results. Additionally, the 

concerns around accuracy of data received from surveys lead to the conclusion that using a 

survey method to update or calculate the COUE in future is not recommended. 

The regulatory framework for recording and reporting grid outage statistics is in place (and has 

been in place for nearly 20 years) through a combination of the QOSS and the Licensee 

Performance Management Framework. However, outage statistics available at the time of writing 

are for the transmission network and Erongo RED’s medium voltage network outages. Statistics for 

the other distribution networks have either not been recorded as required or have not been 

reported as required. This indicates that enforcement and possibly support to licensees needs to 

be advanced to be able to gather statistics that can be used in conjunction with the COUE, in 

compliance with the Grid Codes. 

Calculations, based on NamPower’s system minutes lost data for scheduled and unscheduled 

outages (SML, assuming that the SML are calculated per event using total system demand), show 

that the total annual economic COUE arising from only unscheduled transmission system outages 

typically ranges between N$150 million and N$400 million. Whereas the direct annual economic 

COUE arising from unscheduled outages typically ranges between N$50 million and N$200 million. 

If one were to assume that the majority of economic activities in the country (besides those taking 

place with a direct supply by NamPower) are served using underground networks in urban 
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established areas, one could (broadly) estimate a national annual COUE of between some N$126 

million (for outages during weekend nights, at N$5.26 million/h) to almost N$1 billion (for outages 

during weekday daytime hours, at N$41.4 million/h). Using a duration of 32h (based on the QOSS) 

as a proxy for the “average” electricity customer, the annual COUE would rise to between N$168 

million and 1.236 billion. 

Using assumptions to state a simplified scenario, i.e., that the majority of non-household consumers 

are connected to either urban developing underground or urban established overhead networks, 

and that the majority of interruptions occur during weekday working hours (expressing the worst -

case scenario), then the “acceptable” annual COUE amounts to some N$1.25 billion.  

In terms of KPIs, the authors found that System Minutes Lost is the standard industry KPI that directly 

enables the calculation of annual COUE from its underlying data, provided that unserved kWh are 

calculated per outage event and summated across the relevant review period. SML is an existing 

KPI required to be recorded and reported by grid licensees. For reporting network reliability, it is 

proposed to add further standard reliability KPIs to the performance framework, namely at least 

SAIDI, SAIFI, CAIDI and CAIFI. 

A guideline is provided, indicating proposed steps for a) the Regulator to implement reliability 

reporting and application of the results to reliability planning, including the use of the COUE, and 

b), the steps to be taken by licensees towards implementing outage recording and reporting as 

well as assessing reliability investments by applying COUE to the cost-benefit analysis that underpins 

most reliability investment decisions undertaken by licensees. 
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Appendix A 

South Africa 

Study 1: An economic model for the cost of electricity service interruption in SA 

Minnaar et al. (2017) developed the South African economic model for the cost of electricity 

service interruption. The study estimates: (1) an Economic COUE for economic sectors that use 

electricity for production purposes; and (2) a Residential COUE for households that use electricity 

for various household applications.  

Due to the combination of disadvantages (bias, expense, difficulties with repeatability) associated 

with survey questionnaires as well as the international experience of lengthy time gaps between 

surveys weighed heavily against the use of surveys in South Africa. Since investment decisions are 

taken in the public interest on an on-going basis it was required that the chosen method be 

economically sound, repeatable (annually) and independently verifiable.  

The macro-economic method was chosen as the preferred COUE estimation method as it met 

these criteria and in 2016 was accepted by the National Energy Regulator of South Africa (NERSA). 

The macro-economic method used for this COUE study relies on official, published macro-

economic data such as gross domestic product (GDP) (and gross value added (GVA)) and 

household expenditure measures. This method estimates the impact of electricity interruptions due 

to lost production for businesses or lost utility for households. 

In the study, the Economic COUE is expressed both as direct and total impacts on the economy 

using an Input-Output (IO) model based on Supply & Use tables (SU-tables). The direct cost of 

power outages to the economy is measured in terms of production opportunity forgone, as 

GVA/kWh per economic sector.  

The direct Economic COUE is disaggregated to 62 International Standard Industrial Code (ISIC) 

sectors and 257 District and Local Municipalities. The indirect cost of power outages to the 

economy is measured as the indirect impact on the economy as a consequence of the changes 

in sales and expenditure in the whole economy resulting from direct costs. These indirect costs to 

the economy (the costs associated with complex cross-linkages in the economy), is also measured 

in terms of GVA.  

The Residential COUE is measured as the portion of South African household annual expenditures 

on goods and services that are electricity dependent, expressed as a ratio of these expenditures 

to annual residential electricity consumption. Residential lifestyles are increasingly electricity 

dependent for activities such as communications, personal care, security, education, household 

income generation, and leisure. Power outages result in an opportunity cost of foregoing these 

activities as well as disruption, discomfort, and nuisance. 

As no consolidated database of actual kWh sales by ISIC industrial sector exists at either national 

or a disaggregated municipal level in South Africa, the study had to make use of data on electricity 

purchases by industries and the residential sector, as reported by the SU-tables. To derive a national 

aggregate kWh consumption estimate, the study used Eskom sales data to estimate national 

aggregate sales to economic production industries and residential users. 

Direct Economic COUE (expressed in GVA Rands per kWh) is calculated cumulatively and for 

various industrial sectors by dividing the GVA (Rands) by the estimated electricity use (kWh). These 

COUE values represent the direct impact that a loss of 1 kWh in each industry would have on the 

economy. Then, a weighted average of these direct impacts is used to calculate the national 

Economic COUE. This weighted average was calculated by weighting the COUE of all industries to 

the amount of electricity used in each industrial sector. 

The total effect of a 1 kWh interruption on the economy is estimated through an Input-Output (I-O) 

model. This is a quantitative economic technique used to represent the linkages and 

interdependencies between different sectors of a national economy. 
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Results: 

The results indicate a direct Economic COUE of R21.63 GVA/kWh (for 2013), reflecting the weighted 

average direct economic production lost that can be expected, in an average year, as a result of 

manifold, short duration (less than 3 hours), unplanned power outages across the country. This value 

varies by industry, depending on the energy intensity of the industry. The calculation was repeated 

for 2015, yielding a direct Economic COUE of R23.81 GVA/kWh (Minnaar & Crafford, 2017). 

Table 19: Economic COUE for South Africa at aggregated national economy level 

 

Source: Minnaar et al, 2017 

The Total Economic COUE for 2013 is R77.30 GVA/kWh. This number can be interpreted as the 

weighted average total economic production lost that can be expected as a result of manifold, 

short duration, unplanned power outages across the country. The 2015 value increased to R84.16 

GVA/kWh (Minnaar & Crafford, 2017). 

The Residential COUE for 2013 is R4.12 household expenditure/kWh. This number can be interpreted 

as the average discomfort caused to households as a result of lost opportunity to use electrical 

energy, as a result of manifold, short duration, unplanned power outages across the country. The 

2015 value increased to R6.77 GVA/kWh (Minnaar & Crafford, 2017). 

Economic COUE and Residential COUE are not additive because they measure different impacts 

(production loss vs. discomfort) and because they have different units (GVA vs. household 

expenditure). 

Study 2: Economic impact of electricity supply interruptions in South Africa 

Akpeji et al (2020) estimates the costs of large interruptions of electricity supply in South Africa, 

using a dual-level assessment. The study uses a bottom-up modelling approach based on customer 

interruption cost (CIC) survey data and a macroeconomic model. More specifically, the study uses 

a combination of a time-dependent probabilistic CIC model based on CIC survey data, and a 

dynamic inoperability input-output model (DIIM) that accounts for sectoral interdependencies, 

economic resilience, and the temporal variation of electricity interruption impacts.  

The survey was administered to commercial and manufacturing businesses in the City of Cape 

Town by face-to-face interviews, telephone interviews, a web survey, and survey form drop off and 

collection between August and mid-October 2018. Out of 475 businesses contacted for 

participation in the study, 227 responses (partial and complete) were retrieved. 54% of these 

contained usable data. Face-to-face interviews accounted for about 87% of retrieved responses. 

The survey accounted for:  

Electricity supply interruption frequency and satisfaction level with reliability. 

Business size parameters and dependence on electricity (i.e., electrical size and number of 

employees). 

Backup/parallel electricity supply  
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Most respondents indicated that they do not own a backup/parallel electricity supply,  nor have it 

provided as a service. Therefore, the study estimated the CIC for businesses without backup power 

and used case studies to determine the cost of using backup generators. Backup electricity supply 

ownership was higher in the manufacturing sector than the commercial sector, probably due to 

the sensitivity of the processes of the manufacturing businesses. The CIC estimates were normalised 

according to respondents’ average monthly electricity bill.  

The cost of using a backup generator to mitigate the impacts of electricity interruption includes 

purchase and installation cost depreciated over the duration of use, its maintenance cost, and 

running cost for the duration of use.  The results of the case studies indicate that local businesses 

(especially those with large electrical needs) experience significant increase in operating cost if 

they were to use backup generators providing full electricity interruption impact mitigation. The 

hourly cost difference observed for each business is used as an unbiased indicator of its willingness 

to pay to avoid electricity interruptions. 

Results: 

Load shedding cost estimations were based on stage 1 - 4 of load shedding, each with different 

durations (0.30h, 2h, 4h, 8h) and frequencies.  

The authors conclude that the corresponding 80th and 90th percentile estimates (based on the CIC 

survey) are significantly higher than the defined conservative upper bound (CUB) and are unlikely. 

Therefore the 50th percentile are those that are most probable, as the estimates fall into the defined 

lower and upper bounds. 

Table 20: Weekly cost of load shedding to the manufacturing sector based on 2018 CIC survey 

data 

 

Source: Akpeji et al (2020) 

A caveat to the 2018 survey-based estimations is that they differ significantly from previous CIC 

surveys done in 2009 and 2015. The estimations for all load shedding stages are higher in 2018 than 

the previous surveys (adjusted for inflation). The authors note that this might be because these 

studies were conducted near periods of chronic load shedding, thus respondents would have been 

more likely to accurately recall the impacts of load shedding on their business activities. In contrast, 

the 2018 survey was conducted during a period of high electricity supply reliability. Thus, it is 

plausible that when CIC surveys are conducted near or during periods of electricity interruptions, 

respondents might give less reliable CIC estimates than may be the case in high-reliability service 

periods. 

Table 21: Total weekly economy-wide cost of load shedding in SA based on DIIM 
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Source: Akpeji et al (2020) 

The DIIM was adjusted to the context of load shedding in SA. The total weekly economy-wide cost 

of load shedding estimated, using the adjusted DIIM (A-DIIM), were compared with the national 

COUE of R84.16/kWh (Minnaar & Crafford, 2017), which was approved by NERSA. Across all load 

shedding stages, the average of the percentage difference between the estimates derived using 

NERSA’s COUE is approximately 12%. This indicates significant corroboration of the findings in these 

studies. 

Using NERSA’s COUE, the economy-wide wide cost of a full day blackout is approximately R54.54 

billion. This implies that 27 days of continuous stage 1 load shedding has a similar economic cost as 

a day-long nation-wide blackout. Similarly, fourteen (14), nine (9) and seven (7) days of stage 2, 3, 

and 4 load shedding respectively, have a similar economic cost as a day-long nation-wide 

blackout. 

The study noted that in the long run, chronic electricity interruptions are costlier than sporadic ones 

due to the accumulation of residual sectoral inter-operability. The study concludes that, especially 

in very centralised power systems like SA’s using infrequent extreme interruption scenarios as the 

basis for system planning and operation, and regulation might lead to ineffective decisions. 

Nigeria 

Adenikinju (2003) examined the cost of electricity shortages on the Nigerian manufacturing sector. 

Utilizing the data obtained from a 1998 nationwide survey, the paper details the various costs from 

power outages and examines the response of manufacturers to the infrastructure problems of the 

Nigerian power supply.  

The survey on which the study is based, covered the broad spectrum of the manufacturing sector 

in Nigeria. The study used a stratified random sampling method to select specific firms (300 in total). 

The stratification was necessary to reflect the following variation: size, industry, and location. The 

study covers three main industrial zones, as these zones contribute over 80% of manufacturing 

output and contribute more than 66% of electricity consumption in the country.  

Due to incoherent power supply, over 93% of the sampled firms own a generating set to counteract 

the loss of electricity through national power outages. Therefore, the customer survey method 

focuses on measuring the marginal cost (MC) of power outages by using the revealed preference 

approach.  

The model developed in the study, is premised on the assumption that firms operate essentially to 

maximise their profits. Hence, a firm faced with frequent power outages will act to ensure itself 

against (all or some of) the damage caused by power outages by acquiring back-up generating 

power.  

Results: 

The results show that MC is inversely related to the reliability of the public power system. As the 

reliability of power deteriorates, firms have higher incentives to insure themselves against outages. 
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Therefore, if an outage occurs, it tends to be less costly. The values of MC obtained in the study are 

much higher than the per unit cost of national electricity provider supplied electricity, which stood 

at about N5.28/kWh at the time of the study. 

The MC is also indicative of the amount that the industrial consumers are willing to pay for improved 

electricity supply. The implication of the estimates is that the value of unserved electricity in Nigeria 

is on average N19.7/kWh, assuming an average of 792 working hours lost due to power interruptions 

(as reported in the survey). The MC shown in Table 7 below, depends on the number of outage 

hours and the proportion of total investment at start up devoted to provision of own electricity 

facilities, where most sampled companies spent between 10% and 20% of start-up capital.  

Table 22: Marginal cost of generator or the willingness to pay for reliable electricity (in Naira/kWh) 

 

Source: Adenikinju (2003) 

Small-scale firms recorded the highest MC on average, while medium-scale firms have the lowest 

MC. The results further show that the average losses incurred by industries due to power outages 

vary with the scale of production, where large-scale firms record the highest losses from power 

failure in Nigeria.  

The study also found that firms devised various coping mechanisms to minimise the impact of power 

outages. Apart from resorting to private provisions, the unreliable power supply in the country has 

influenced manufacturers decisions in terms of choice of business, location, and input 

combination. Wherever possible, business activities that are highly electricity intensive are avoided, 

which has a detrimental effect on the rate of industrialisation in Nigeria, according to the authors. 

Sri Lanka  

In Sri Lanka, the assessment of COUE was based on consumer survey method (Colambage & Perera, 

2018). The analysis was done for electricity consumers (industries) that contribute more than 4% to 

the total GDP, using the standard industry classification published by the Central Bank of Sri Lanka.  

Responses to the surveys in this study were based on either historical or hypothetical outage 

experiences (sample size = 270) and accounted for frequency, duration, and occurrence time in 

the day of interruption. 

Questions on the distributed questionnaires were formulated to gather information on the cost of 

electricity interruption to the consumer, variations of the cost with the duration of interruption, 

advance warning time required to minimize the costs, availability of stand by generators, 

vulnerability of consumer products to interruptions. 

Consumers were asked to report their experiences with past electricity interruptions. When sufficient 

past data was not available, the customer was asked to estimate what happens in an event of 

hypothetical interruption. 

For the survey, all interruptions were grouped into duration of interruptions, i.e., momentary, and 

non-momentary categories. Momentary interruptions are those of very short duration of about six 

seconds. All the other interruptions not counted under the momentary category fall into the non-

momentary category. Non-momentary interruptions are further subdivided into six categories 

based on the duration of the interruption, with the minimum being 0.25h and the maximum being 

16h. Probabilities are assigned to these durations where 0.25h and 0.75h are most likely (over 80% 

combined), and 16h interruptions are least likely to occur (5%) using historical data on outages. 
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Results: 

Based on the survey results the COUE due to non-momentary planned and unplanned interruptions 

work out to LKR145.87/kWh and LKR240.07//kWh respectively. Using those values, the combined 

value of COUE for Sri Lankan Industries is obtained as LKR195.65/kWh. Further, the costs of 

momentary interruptions average to LKR145.51/kW. 

Table 23: COUE due to non-momentary interruptions (average) in Sri Lanka (in Sri Lankan Rupee / 

kWh) 

 

Source: Colambage & Perera (2018) 

The combined cost is given in the last column of the table above and the respective economic 

costs are presented in brackets below each financial cost figure. The results indicate that the costs 

are generally higher if the interruption is unplanned. 

Netherlands 

De Nooij et al (2007), estimated the cost of power interruptions in the Netherlands in terms of lost 

production and lost leisure time.  

This study estimates the lost production in each sector during an outage directly by using GDP data 

and aggregating this to a macro-economic total. The study does not manipulate input–output 

tables to account for linkages between sectors, because the authors assume that during an 

outage virtually all activities grind to a halt and an already interrupted activity cannot be disturbed 

further by the non-production of another sector. 

The study considers only the production lost during the supply interruption. The damage caused by 

an electricity interruption in a firm is assumed to equal the value added it would normally have 

produced during that period. This might be an overestimate if, during an interruption, some other 

productive activities are possible. On the other hand, the time needed to start up again and other 

forms of damage are not included, and thus the value of interruptions could be underestimated. 

On the whole, the method used is assumed to provide an estimate of the order of magnitude of 

the total damage. 

To estimate lost leisure time (the cost estimation for households) the study makes use of freely 

available data on the amounts of time spent on work, household activities and leisure, collected 

by the Netherlands Bureau of Statistics and the Social and Cultural Planning Office of the 

Netherlands. Lost leisure time is monetised by using the Becker model as referred to in Section 2 

above.  

The costs of supply interruptions are measured in two ways:  
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As the losses per unit of electricity that is not delivered. This is the value of lost load (VoLL). This value 

is useful if a supply shortage occurs. The total costs can be minimized by cutting off the users with 

the lowest VoLL.  

As the amount of losses per hour. These latter values are useful when making decisions about 

investments in network reliability. If the losses caused per hour in certain regions is high, the benefits 

of investments in these regions are also high. 

Results: 

The results show that in the Netherlands, large differences in losses are found between sectors, 

regions, and periods. The last column of the Table below shows how much value each sector 

creates on average with 1 kW h of electricity. This is also the average losses per unit of electricity 

not delivered due to an interruption (measured as VoLL).  

For the Netherlands as a whole, this amounts to €8.6/kWh. For households, the VoLL is relatively high 

(€16.4/kWh) compared to the value for firms (€6.0/kWh) (weighted average). The construction 

sector and the government have the highest VoLL, both more than €33/kWh. These high VoLLs are 

caused by a low electricity use compared to the value added. Therefore, when electricity is scarce 

and needs to be rationed, the economic cost is lowest when construction, the government and 

households are cut off as little as possible, and manufacturing is cut off first.  

Table 24: Welfare and electricity usage of households, firms, and government in the Netherlands 

 

Source: De Nooij et al (2007) 

To bring in a temporal dimension, the authors use assumptions to assign active hours per week for 

each sector (assuming that each firm in the sector has the same active hours). This allows the 

authors to estimate average costs of supply interruptions during different hours of the day. The VoLL 

shown in the table below, is a weighted average of all sectors that are active at that moment. 
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Table 25: Value of lost load for nine periods, in 2001 (Euro/kWh) 

 

Source: De Nooij et al (2007) 

The results of the study also show that a 1-hour supply interruption for the whole of the Netherlands 

on a weekday during the daytime leads to an estimated reduction in value added of €120 million 

for firms and the government and of €37 million for households (in terms of lost leisure). In the 

evening, the total amount of losses is smaller: €101 million per hour compared to €159 million in the 

daytime. However, the composition of losses changes drastically in the evening, where households 

suffer the largest loss, i.e., €85 million of a total loss of €101 million.  

The assumptions about when sectors are active could not to a satisfactory level be underpinned 

with actual data. Therefore, a sensitivity analysis was carried out in which different assumptions on 

timing were used. More specifically, the authors assumed relatively more activity outside normal 

working hours. Although these different assumptions about when sectors are active, showed an 

effect on the outcomes, these effects were not so large that they affected the conclusions.  

 

 

 

 

 

 

 

 

 

 

 

 

 



   

 
  

Appendix B 

Appendix 1: Tariffs assigned per sector 

Sector Assumption 
Weighted tariffs 

(c/kWh) 

Units   c/kWh 

Commercial cereal crops 50% supplied by NORED 50% supplied by CENORED                                        329  

Commercial other crops (grapes, 

other horticulture) 
100% supplied by NamPower at Irrigation tariff                                        227  

Commercial animal products 75% NamPower farm tariff and 25% CENORED commercial tariff                                        289  

Traditional agriculture 
80% supplied by NORED commercial tariff and 20% NamPower 

Commercial 
                                       361  

Fishing Does not purchase electricity   

Uranium 100% supplied by NamPower at mining tariff                                        153  

Base metals (non-ferrous metals) 100% supplied by NamPower at mining tariff                                        153  

Precious stones & diamonds 100% supplied by NamPower at mining tariff                                        153  

Other mining and quarrying  100% supplied by NamPower at mining tariff                                        153  

Meat processing 100% supplied by REDs at Weighted LPU tariff                                        271  

Fish processing 100% supplied by Erongo RED at LPU tariff                                        293  

Grain milling 100% supplied by REDs at Weighted LPU tariff                                        271  

Other food processing 100% supplied by REDs at Weighted LPU tariff                                        271  

Beverages  100% supplied by REDs at Weighted LPU tariff                                        271  

Textiles and wearing apparel 100% supplied by REDs at Weighted Commercial tariff                                        320  

Leather and related products 100% supplied by REDs at Weighted Commercial tariff                                        320  

Wood & wood products, 

Furniture, Misc. 
100% supplied by REDs at Weighted Commercial tariff                                        320  

Paper & printing 100% supplied by REDs at Weighted Commercial tariff                                        320  

Chemicals & Pharmaceuticals 100% supplied by REDs at Weighted LPU tariff                                        271  

Rubber & Plastic products 100% supplied by REDs at Weighted LPU tariff                                        271  

Non-metallic mineral products 

(cement etc.) 
100% supplied by REDs at Weighted LPU tariff                                        271  

Basic non-ferrous metals (copper, 

zinc, etc.) 
100% supplied by NamPower at mining tariff                                        153  

Fabricated metals, Machinery & 

Equipment 
100% supplied by REDs at Weighted LPU tariff                                        271  

Diamond processing 100% supplied by REDs at Weighted Commercial tariff                                        320  

Electricity 100% supplied by NamPower RED tariff                                        155  

Water 50% supplied by NamPower Water pumping and 50% by REDs LPU tariff                                        241  

Construction 100% supplied by REDs at Weighted Commercial tariff                                        320  
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Wholesale and retail trade; 

repairs 
50% supplied by REDs at Weighted Commercial tariff 50% LPU tariff                                        295  

Hotels and restaurants  75% supplied by REDs at Weighted Commercial tariff 25% LPU tariff                                        308  

Transport 100% supplied by REDs at Weighted Commercial tariff                                        320  

Communication 100% supplied by REDs at Weighted Commercial tariff                                        320  

Finance and insurance 100% supplied by REDs at Weighted Commercial tariff                                        320  

Other private services 100% supplied by REDs at Weighted Commercial tariff                                        320  

Health, Education, Publ Admin 70% supplied by REDs at Weighted LPU tariff 30% commercial tariff                                        285  

Source: NamPower, ECB 

  
Appendix 2: Electricity Consumed per sector adjustment 

Sector 
GVA 

(NSA) 

Electricity 

Purchases 

(NSA) 

Estimated weighted 

average price of electricity 

Electricity 

Consumed 

(calc) 

Electricity consumed adj 

for HHs & Scorpion Zinc 

Total 

Electricity 

Consumed 

Units 
N$ 

million 
N$ million c/kWh GWh GWh GWh 

Commercial cereal crops 2 804 212 329 65 15 79 

Commercial other crops 

(grapes, other horticulture) 
1 760 165 227 73 5 78 

Commercial animal 

products 
1 013 8 289 3 2 4 

Traditional agriculture 691 3 361 1 30 31 

Fishing 4 652      

Uranium 3 279 131 153 86  86 

Base metals (non-ferrous 

metals) 
5 473 117 153 76  76 

Precious stones & 

diamonds 
996 39 153 25  25 

Other mining and 

quarrying  
1 136 44 153 29  29 

Meat processing 2 235 51 271 19 33 52 

Fish processing 6 310 678 293 231 10 241 

Grain milling 4 537 97 271 36 32 68 

Other food processing 9 925 125 271 46 106 152 

Beverages  3 169 55 271 20 67 88 

Textiles and wearing 

apparel 
570 19 320 6 48 54 
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Leather and related 

products 
322 4 320 1 9 10 

Wood & wood products, 

Furniture, Misc. 
816 13 320 4 13 18 

Paper & printing 212 4 320 1 8 9 

Chemicals & 

Pharmaceuticals 
524 15 271 5 61 66 

Rubber & Plastic products 206 16 271 6 22 28 

Non-metallic mineral 

products (cement etc.) 
1 122 215 271 79 5 85 

Basic non-ferrous metals 

(copper, zinc, etc.) 
3 293 534 153 349 458 807 

Fabricated metals, 

Machinery & Equipment 
674 11 271 4 201 205 

Diamond processing 16 103 18 320 6 - 6 

Electricity 6 246 106 155 68 21 89 

Water 1 759 872 241 361 9 370 

Construction 9 903 640 320 200 - 200 

Wholesale and retail trade; 

repairs 
12 975 619 295 210 51 260 

Hotels and restaurants  4 333 476 308 155 18 173 

Transport 9 632 119 320 37 51 88 

Communication 1 825 64 320 20 11 31 

Finance and insurance 5 995 374 320 117 72 189 

Other private services 1 434 31 320 10 58 67 

Health, Education, Publ 

Admin 
25 485 986 285 345 74 419 

TOTAL 
15140

7 
6 860 255 2 694 1 489 4 183 

Source: NSA, own calculations 

 

Appendix 3: Direct Economic COUE per sector 

Sector GVA (NSA) 
Electricity 

Purchases (NSA) 

Estimated 

weighted average 

price of electricity 

Total Electricity 

Consumed 
Direct COUE 

Units N$ million N$ million c/kWh GWh N$ GVA/kWh 

Commercial cereal crops 2 804 212 329 79 43 
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Commercial other crops (grapes, 

other horticulture) 
1 760 165 227 78 24 

Commercial animal products 1 013 8 289 4 366 

Traditional agriculture 691 3 361 31 987 

Fishing 4 652 -  - - 

Uranium 3 279 131 153 86 38 

Base metals (non-ferrous metals) 5 473 117 153 76 72 

Precious stones & diamonds 996 39 153 25 40 

Other mining and quarrying  1 136 44 153 29 40 

Meat processing 2 235 51 271 52 118 

Fish processing 6 310 678 293 241 27 

Grain milling 4 537 97 271 68 126 

Other food processing 9 925 125 271 152 215 

Beverages  3 169 55 271 88 155 

Textiles and wearing apparel 570 19 320 54 95 

Leather and related products 322 4 320 10 229 

Wood & wood products, Furniture, 

Misc. 
816 13 320 18 194 

Paper & printing 212 4 320 9 151 

Chemicals & Pharmaceuticals 524 15 271 66 96 

Rubber & Plastic products 206 16 271 28 36 

Non-metallic mineral products 

(cement etc.) 
1 122 215 271 85 14 

Basic non-ferrous metals (copper, 

zinc, etc.) 
3 293 534 153 807 9 

Fabricated metals, Machinery & 

Equipment 
674 11 271 205 173 

Diamond processing 16 103 18 320 6 2 809 

Electricity 6 246 106 155 89 91 

Water 1 759 872 241 370 5 

Construction 9 903 640 320 200 50 

Wholesale and retail trade; repairs 12 975 619 295 260 62 

Hotels and restaurants  4 333 476 308 173 28 

Transport 9 632 119 320 88 260 

Communication 1 825 64 320 31 91 

Finance and insurance 5 995 374 320 189 51 

Other private services 1 434 31 320 67 150 

Health, Education, Publ Admin 25 485 986 285 419 74 

TOTAL 151 407 6 860  4 183 36,19 
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Appendix 4: Active hours assignment, value added per hour and value added per kWh calculation 

 Sector  
 GVA 

(NSA)  

 Electricity 

Purchases 

(NSA)  

 Estimated 

weighted 

average 

price of 

electricity  

 Total 

Electricity 

Consumed  

 Hours per 

year  

 Electricity 

demand 

(GWh) per 

hour  

 Value 

added 

(GVA) per 

hour  

 Value 

added per 

kWh 

electricity 

demand  

 Units   N$ million   N$ million   c/kWh   GWh   h    
 N$ 

millions  
 (N$/kWh)  

 Agriculture, Forestry & Fishing  10 920 388 241 193 8 760 0,02 1,25 56,66 

 Mining & Quarrying  10 885 330 153 216 8 760 0,02 1,24 50,46 

 Meat processing  2 235 51 271 52 2 600 0,02 0,86 43,33 

 Fish processing  6 310 678 293 241 3 650 0,07 1,73 26,23 

 Grain milling  4 537 97 271 68 2 600 0,03 1,74 67,18 

 Other food processing  9 925 125 271 152 2 600 0,06 3,82 65,25 

 Beverages   3 169 55 271 88 6 240 0,01 0,51 36,04 

 Textiles and wearing apparel  570 19 320 54 2 600 0,02 0,22 10,64 

 Leather and related products  322 4 320 10 2 600 0,00 0,12 31,40 

 Wood & wood products, 

Furniture, Misc.  
816 13 320 18 2 600 0,01 0,31 46,18 

 Paper & printing  212 4 320 9 2 600 0,00 0,08 22,77 

 Chemicals & 

Pharmaceuticals  
524 15 271 66 3 120 0,02 0,17 7,89 

 Rubber & Plastic products  206 16 271 28 2 600 0,01 0,08 7,43 

 Non-metallic mineral 

products (cement etc.)  
1 122 215 271 85 8 760 0,01 0,13 13,26 

 Basic non-ferrous metals 

(copper, zinc, etc.)  
3 293 534 153 807 8 760 0,09 0,38 4,08 

 Fabricated metals, 

Machinery & Equipment  
674 11 271 205 2 600 0,08 0,26 3,28 

 Diamond processing  16 103 18 320 6 2 600 0,00 6,19 2 809,31 

 Electricity  6 246 106 155 89 2 600 0,03 2,40 69,97 

 Water  1 759 872 241 370 8 760 0,04 0,20 4,75 

 Construction  9 903 640 320 200 3 120 0,06 3,17 49,54 

 Wholesale and retail trade; 

repairs  
12 975 619 295 260 3 120 0,08 4,16 49,83 

 Hotels and restaurants   4 333 476 308 173 6 240 0,03 0,69 25,03 
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 Transport  9 632 119 320 88 8 760 0,01 1,10 109,55 

 Communication  1 825 64 320 31 8 760 0,00 0,21 59,02 

 Finance and insurance  5 995 374 320 189 2 600 0,07 2,31 31,75 

 Other private services  1 434 31 320 67 2 600 0,03 0,55 21,28 

 Health, Education, Publ 

Admin  
25 485 986 285 419 3 374 0,12 7,55 60,78 

TOTAL 151407 6860  4183  0,97 41,44 42,76 

 

 



   

 
  

Appendix C 

Customer Electricity Supply Interruption Questionnaire 

ECB Cost of Unserved Energy Study 

 

This questionnaire forms part of the ECB Cost of Unserved Energy Study. Respondents will be asked to 

estimate business costs incurred as a result of electricity supply interruptions in order to help with the 

estimation of Namibia's Cost of Unserved Energy (COUE).  

 

Section 1: Business parameters 

Company name  

Location (town)  

Industry/sector  

Size (revenue/output p.a. in millions N$)  

Size of labour force  

Active business hours and weekdays 

 

(Format: 08h00 – 18h00 Mon to Fri) 

 

Portion of output that requires electricity (%) 

 

(This refers to the portion of your production 

output/sales/revenue that needs electricity as 

an input.) 

 

Average monthly electricity consumption 

(kWh) 

 

Average monthly electricity bill (N$)  

 

 

Section 2: Backup/parallel electricity supply 

 

1. Have you invested in backup generation? (circle one) 

a. Yes 

b. No (skip to Section 3) 

 

2. In what type of backup power supply have you invested? 

a. Petrol/diesel generator 

b. Photovoltaic generator with battery storage system 

c. UPS (Uninterruptible power supply or battery inverter systems) 

d. Backup power supply provided as a service 

e. Other [describe] 

This section will ask about your business’ investment in backup generation (e.g., 

generators, inverters etc.) or the purchase of alternative power supply in the event 

there is a power outage. 
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3. How much did you pay for your backup supply generation? Please decompose the cost 

structure for auto-generation in the table below (in N$). 

 Estimated Cost (N$) 

Capital cost (e.g., generating unit, fuel tank, battery storage 

system) 

 

Annual operating cost (e.g., fuel, maintenance costs, 

wage/salaries to run backup supply) 

 

 

 

Section 3: Historical power outages 

 

4. How many unplanned/unannounced grid power outages has your business experienced in 

the last 12 months? (circle one) 

a. No outages (skip to section 4) 

b. 1-2 outages 

c. 3-5 outages 

d. 6-10 outages 

e. More than 10 outages 

f. Don’t know 

 

5. Approximately how long ago was your most recent power outage, i.e., the loss of power 

lasting more than five minutes? (circle one) 

a. In the last month  

b. In the last six months, but not in the last months  

c. In the last year, but not in the last six months  

d. In the last three years, but not in the last year  

e. More than 3 years ago  

The next question addresses the cost of purchasing and operating your backup 

power supply. The cost of using a backup generator to mitigate the impacts of 

electricity interruption includes its purchase and installation cost depreciated over 

the duration of use, as well as its maintenance and running cost for the duration of 

use. 

These questions are concerned with your business’ experience with 

unplanned/unannounced power outages. Unplanned power outages occur when 

accidents, bad weather or other problems result in the complete loss of grid 

electricity supply to your business, lasting at least 5 minutes or longer per event 

without prior notice. 

 

Comment section … 
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f. Never experienced a power outage  

g. Have experienced a power outage, but can’t remember when it happened 

 

6. How long did your most recent power outage last? (circle one)  

a. Less than one hour  

b. More than one hour, but less than 4 hours  

c. More than 4 hours, but less than 8 hours  

d. More than 8 hours, but less than 12 hours  

e. Don’t know 

 

7. Losing power can be disruptive and costly. Please estimate the cost incurred, e.g., 

production halt, restart of essential machinery etc., as a result of the latest power outage? 

Type of costs Description Yes/No Estimation (N$) 

Production 

losses 

Lost output/ lost sales/ revenue loss 
  

Direct damages Equipment damage 
  

Clean-up and/or recovery 

Damage to raw materials, e.g., spoilt 

inputs 

Hazardous material costs 

Waste and associated disposal costs 

Labour costs Costs to make up lost production (e.g., 

overtime costs)  

  

Labour costs during restart  

Stand-down costs, rest periods 

Backup costs Costs to operate back-up generation 
  

Savings Savings on unused raw materials 
  

Savings on unused fuel & electricity 

Savings on unpaid wages 
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Scrap value of damaged materials 

Total estimated costs incurred as a result of the latest power outage N$ 

 

 

Section 4: Hypothetical power outage scenarios 

  

8. Please estimate the costs incurred if the outage was to occur at 10AM and 10PM respectively 

(not on the same day)? 

Please consider the following costs (savings) in each scenario: 

 

• Production losses (lost output/sales/revenue) 

• Direct damages (equipment damage, clean-up and/or recovery, damage to raw materials, 

hazardous material costs, waste, and associated waste disposal costs) 

• Labour costs (costs to make up lost production, overtime costs, labour costs during restart, 

stand-down costs, rest periods) 

• Backup costs (costs to operate backup generation) 

• Savings (savings on unused raw materials, fuel & electricity, unpaid wages, scrap value of 

damaged materials) 

 

a. Outage that lasts approximately ten (10) minutes 

 Time of day 

10 minute power outage 10AM 10PM 

 Estimation (N$) Estimation (N$) 

Total costs incurred   

   

 

 

b. Outage that lasts approximately one (1) hour 

 Time of day 

1 hour power outage 10AM 10PM 

This section introduces scenarios of electricity supply interruptions and asks you to 

estimate the cost that your business would most likely incur should such a scenario 

take place.  

 

These hypothetical outage scenarios use different durations, i.e., 10 minutes, 1 hour 

and 8 hours, and take place both at 10AM as well as at 10PM (not on the same day).  

 

Please consider each outage scenario separately, and estimate the various costs 

incurred by your business if the outage occurs at 10AM and 10PM respectively. 
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 Estimation (N$) Estimation (N$) 

Total costs incurred   

   

 

c. Outage that lasts approximately eight (8) hours 

 Time of day 

1 hour power outage 10AM 10PM 

 Estimation (N$) Estimation (N$) 

Total costs incurred   

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thank you for taking the time to respond! 
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Appendix D 

Appendix 5: Cost/kWh calculation per participant35 

            
1 hour outage 

  

1 hour outage 

  

Industries Operating hours 

Monthly 

average 

kWh used 

Annual kWh 

used 

Activ

e 

hours 

pa 

kWh 

per 

hour 

used 

Stated 

N$ Cost 

@ 10AM 

Stated 

N$ Cost 

@ 10PM 

N$ 

Cost/kW

h 

N$ 

Cost/kW

h 

Fishing 
Operations are 24 hours 7 days a 

week 
10 560 000 126 720 000 8760 14 466 150000 15000 10,37 1,04 

Fishing 
Continuous Operations mostly Mon - 

Fri 

117 601 

737 

1 411 220 

844 
6240 

226 

157 
500000 500000 2,21 2,21 

Fishing 07h00-17h00 Mon to Fri 3 045 900 36 550 800 2600 14 058 325692 0 23,17 0,00 

Manufacturing 
Operations are 24 hours 7 days a 

week 
8 960 000 107 520 000 8760 12 274 122000 122000 9,94 9,94 

Manufacturing 
Operations are 24 hours 7 days a 

week 
4 781 968 57 383 616 8760 6 551 30000 30000 4,58 4,58 

Manufacturing 
Operations are 24 hours 7 days a 

week 
15 120 000 181 440 000 8760 69 785 370000 370000 5,30 5,30 

Manufacturing 
Operations are 24 hours 7 days a 

week 
20 800 000 249 600 000 8760 28 493 90000 90000 3,16 3,16 

Mining 
Operations are 24 hours 7 days a 

week 
26 880 000 322 560 000 8760 36 822 500000 500000 13,58 13,58 

Mining 
Operations are 24 hours 7 days a 

week 
16 800 000 201 600 000 8760 23 014 640000 640000 27,81 27,81 

Mining 08h00- 18h00 Mon to Fri 135 500 1 626 000 2600 625 20000 0 31,98  

Mining 
Operations are 24 hours 7 days a 

week 
8 960 000 107 520 000 8760 12 274 

1000000

0 

1000000

0 
814,73 814,73 

Water and Electricity 08h00 – 18h00 Mon to Fri 68 595 823 136 2600 317 2426,44 2519,26 7,66 7,96 

Wholesale and 

Retail 
08h00 – 18h00 Mon to Sat 11 200 000 134 400 000 3120 43 077 20000 2000 0,46 0,05 

Source: Survey data 

 

 

 
 
 
35 For those survey participants that answered the hypothetical scenario questions (i.e., this excludes all financial and insurance services sector companies and one 
wholesale and retail sector participant).  
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Appendix E 

Appendix 6: Proposed Draft Economic Classification of Grid Connections 

 

Detailed Sector Summarised Sector - Proposed Classification

Commercial cereal crops Agriculture, Forestry & Fishing

Commercial other crops (grapes, other horticulture) Agriculture, Forestry & Fishing

Commercial animal products Agriculture, Forestry & Fishing

Traditional agriculture Agriculture, Forestry & Fishing

Fishing Agriculture, Forestry & Fishing

Uranium Mining & Quarrying

Base metals (non-ferrous metals) Mining & Quarrying

Precious stones & diamonds Mining & Quarrying

Other mining and quarrying Mining & Quarrying

Meat processing Manufacturing

Fish processing Manufacturing

Grain milling Manufacturing

Other food processing Manufacturing

Beverages Manufacturing

Textiles and wearing apparel Manufacturing

Leather and related products Manufacturing

Wood & wood products, Furniture, Misc. Manufacturing

Paper & printing Manufacturing

Chemicals & Pharmaceuticals Manufacturing

Rubber & Plastic products Manufacturing

Non-metallic mineral products (cement etc.) Manufacturing

Basic non-ferrous metals (copper, zinc, etc.) Manufacturing

Fabricated metals, Machinery & Equipment Manufacturing

Diamond processing Manufacturing

Electricity Water & Electricity

Water Water & Electricity

Construction Construction

Wholesale and retail trade; repairs Trade

Hotels and restaurants Trade

Transport Transport

Communication Communication

Finance and insurance Business & Finance

Other private services Business & Finance

Health, Education, Publ Admin General Government

Households Households


