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EXECUTIVE SUMMARY 

Background 

In October 2020, and following a public bidding process, the Electricity Control Board (ECB) of 

Namibia appointed EMCON in association with Africa Power Ventures and Suntrace to undertake the 

“Development of Energy Storage Regulations”.  

Purpose 

This Report presents a Literature Review and Assessment of Regulatory Requirements related to energy 

storage systems of relevance to Namibia’s electricity industry.  

Methodology 

The methodology used in compiling this Report is based on the ECB’s Terms of Reference that guides 

this Project, including an assessment of national and international literature of relevance for the 

development of energy storage regulations applicable in the electricity industry.  

Focus of this Study 

Under the Electricity Act of 2007, the ECB is mandated to regulate Namibia’s electricity industry. 

Therefore, cognisant of the existing and near-term future mandate of the ECB and its successor entity, 

this Study focuses on the development of regulations of those energy storage systems and their 

applications that are of use in the electricity industry while necessitating regulatory oversight.  

Introduction to Energy Storage Systems 

A wide variety of systems, technologies and approaches are used to store energy. These energy 

storage systems range from tiny electric storage cells in watches, remote controls and many electronic 

consumer products, to thermal energy storage applications, small- to large-scale electric storage 

applications used in power tools, solar home systems, uninterrupted power supplies as well as large-

scale electric energy storage systems connected to the transmission/distribution grid and mini-grids, 

pumped storage facilities storing water to generate electricity and molten salt thermal energy storage 

applications used in concentrated solar power stations, and others. 

The main energy storage types include mechanical, electro-chemical, electrical, thermal, thermo-

chemical and chemical systems and their applications. 

Definition of Energy Storage Systems (ESS) and Regulated Energy Storage Systems (RESS) 

Based on the findings of the literature review, this Study defines an energy storage system (ESS) as 

follows: “An energy storage system (ESS) is an application to temporarily store and release energy”. 

However, only a sub-set of ESSs necessitate regulatory oversight within the electricity sector of 

Namibia. Whether an ESS is to be regulated or not depends on the impact that a specific ESS has on 

the Namibian electricity industry. Therefore, and based on the findings of the literature review, this 

Study defines a regulated energy storage system (RESS) as follows: “A regulated energy storage 

system (RESS) uses electrical energy as input, stores this energy internally and supplies electrical energy 

as output at a later time to a transmission or distribution system or a mini-grid.” 
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The definition of a RESS eliminates all a) energy storage applications that do not feed electricity into 

a transmission, distribution or mini-grid, b) naturally occurring fuels, as well as c) thermal energy 

applications that have no direct impact on an electricity grid, while d) stand-alone off-grid storage 

systems are regulated via the generation activity required to power such systems, provided that such 

generation is subject to regulation. 

The definition of a RESS retains all energy storage systems that use electricity as input and provide 

electricity as output at a later time, feeding such output into a grid, irrespective of the specific energy 

conversion process applied and its technical implementation. This emphasises the deliberate 

technology agnostic departure point adopted in this Study, to ensure non-bias, flexibility and 

innovation-friendly applications of current and future energy storage systems and technologies. 

Relevance of Regulated Energy Storage Systems for Namibia’s Electricity Industry  

International technical developments and advances in the storage arena are of cardinal importance 

for Namibia, noting the country’s considerable potential to displace imported electricity supplies by 

those powered by local energy sources, including those that are intermittent in nature.  

Contemporary storage systems used in the electricity industry have a variety of applications well-

suited to address common challenges in the management of electricity supply infrastructure, i.e.  

a) energy-based applications (by changing the time and duration when electricity is used); 

b) power-based applications (by compensating a temporary excess/deficit in grid power); and 

c) a combination of the above applications, which is referred to as value or service stacking.

Principal approaches to integrate storage with electricity infrastructure include a) stand-alone battery 

energy storage systems, b) hybrid power plants by co-location with other generation and storage 

facilities, c) as virtual power plants, whereby generation, energy storage and consumption are 

operated as if co-located while not physically present on one site, and d) where generation, energy 

storage and consumption are co-located.   

International Lessons Learnt and Best Practices using Energy Storage Systems 

International best practices emphasise the importance of establishing regulatory and licensing 

frameworks to facilitate the uptake of storage in the electricity industry. Best practices also observe 

that clarity and transparency of process are needed to enable market participants to be compliant 

while operating storage assets viably. The literature also points out the important co-benefit of having 

established legal and regulatory systems for storage applications in the electricity industry in that these 

are suggested to incentivise project development and facilitate the securing funding.  

Namibia’s Modified Single Buyer (MSB) Market and Regulated Energy Storage Systems 

Namibia’s MSB market is designed to govern grid-connected Eligible Sellers (ES, i.e. entities that 

generate electricity) and Contestable Customers (CC, i.e. entities that procure electricity). It is based 

on rules, tariffs and mechanisms that support bilateral transactions between market participants. 

Regarding the MSB market and the uptake of RESSs, the Study recommends the following: 

1) From the licensing perspective  

a) a storage licence aligned with the Electricity Bill is to be developed; 

b) the existing suite of licensing documentation is to be expanded to include storage assets; and 

c) a licence (storage or other appropriate licence) is required for storage with capacities ≥ 

500kVA to participate in the MSB market. 
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2) From a Market Rules perspective 

a) When a storage asset is co-located with a generator, the ES dispatch schedules to the system 

operator (SO) are to account for the forecast net energy flows to the consumer; 

b) When a generator/storage asset supplies a CC, those flows must be accounted for in the 

dispatch schedule as the SO will use these to determine any imbalances; and 

c) Where the storage asset is co-located with the CC, the ES dispatch schedules are not 

impacted, and the ES will simply forecast their production as is. 

3) From a Wheeling Framework perspective 

a) Storage assets co-located with CCs and ESs will not attract further charges, as costs are 

already being recovered from such entities; and 

b) Stand-alone storage assets are to attract the same charges as both ESs and CCs, depending 

on their behaviour. Specifically, when they are charging, they are to be viewed as a CC, and 

when they are discharging, they are to be viewed as an ES.  

System Planning and Scoping of Regulated Energy Storage Systems 

The electricity industry relies on systematic and regular power system planning which must include 

regulated energy storage systems, as applicable. Namibia’s National Integrated Resource Plan (NIRP) 

determines and identifies future generation capacities required to meet the country’s electricity 

demand. At the time when this Report was compiled, the NIRP of 2016 was being updated and is to 

include consideration of RESSs. 

In future, national procurement of new electricity capacities is to include RESSs. To this end, the Minister 

of Mines and Energy issues ministerial determinations for additional generation capacities, in 

alignment with the NIRP, which is to include the use of RESSs. 

Most grid licensees develop their own master / resource plans, which include local and regional level 

distribution grid plans. Such master planning processes must consider the NIRP as well as the 

local/regional implications relevant in a specific licence area. Licence conditions stipulate that a 

licensee must use proven technology that enhances its overall efficiency and reduces costs in the 

long run, which also relates to the introduction of RESSs.  

Regarding power system planning and the future role of RESSs, the Study recommends that 

a) the NIRP process is to include RESS options to optimise existing and new generation assets;  

b) ministerial determinations for the release of additional generation capacities, as foreshadowed 

under the Electricity Bill, are to include specifications that enable the use of RESSs as per the NIRP; 

c) master plans by licensees are to include consideration of RESSs to complement grid upgrades and 

investments in electricity infrastructure; and 

d) minor adjustments are to be made to the existing tariff methodology to ensure that the Regulator 

can effectively determine the eligibility of specific assets included in the rate base. 

Proposed Classification of Regulated Energy Storage Systems in Namibia 

This Report proposes the classification of regulated energy storage systems to enhance the focus on 

those legal and regulatory requirements that enable their further uptake and use in Namibia. The 

classification scheme depicted below identifies those RESS categories and use cases that guide the 

development of practical regulations for Namibia’s electricity industry.  
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The classification scheme recommended for use in this Study has four main categories, i.e. 

I. RESS used with a licenced generator, connected to the national grid, mainly to optimise 

generation activities; 

II. RESS used by a customer connected to a grid, mainly to optimise grid power purchases, quality 

of supply and/or optimise a net metered customer’s self-generation activities; 

III. stand-alone RESS (IIIa) connected to the grid, mainly used to optimise grid services; and 

IV. RESS used in applications not connected to a grid, i.e. mini-grids and stand-alone off-grid 

systems, which are an integral part of the system design of an off-grid application. 

Categories I, II and III provide system services. For categories I and II, such services are to be provided 

in addition to their primary use, while for category III, system services will likely constitute their main 

purpose. For category IV, integration of the RESS into the electricity supply system implies that such 

storage systems are only used to provide for the designed stand-alone system services. Category IIIb 

allows for the aggregation of RESS for participation in the MSB market or provision of services, enabling 

small scale RESS to be used for system benefit. 

Namibia’s Legal Framework and Regulated Energy Storage Systems 

To date, various barriers (e.g. inadequate statutory and regulatory support) remain and prevent the 

full realisation of the multiple benefits associated with RESSs. Arguments in favour of developing sound 

policies and a regulatory framework for RESSs are compelling, noting that this is often difficult as 

applications of storage are advancing continuously and rapidly.  

A robust regulatory framework for RESS should be characterised by the following: its simplicity, 

employing a light-handed and consistent regulatory approach, encouraging the uptake and use of 

RESSs, creating regulatory certainty, levelling the playing field for RESSs to compete fairly with other 

sources of electricity supply, its flexibility, allowing for and enabling innovation, protecting consumer 

interests, not unnecessarily burdening the Regulator’s capacity and others. 

Regarding the to-be-developed RESS regulations, the Study recommends that 

a) they are to fulfil the requirements of the Electricity Bill to enable the regulation of RESS; 

b) they should provide for appropriate exemptions with relevant procedures where a dedicated RESS 

licence is not justified or practicable; and 

c) they should define appropriate licensing conditions for RESS. 

Namibia’s Regulatory Framework and Regulated Energy Storage Systems 

The literature review and assessment of Namibia’s regulatory framework suggests the following 

aspects of importance for the development of storage-specific regulations: 

a) a clear definition of RESSs is necessary; 
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b) they are to be technology agnostic as far as reasonably possible; 

c) they are to enable the use of behind-the-meter RESSs, enable aggregation and include an 

amendment of the net metering rules and associated consumer tariff rules; 

d) they are to use competitive procurement processes for RESSs; 

e) they are to be regulated primarily using a service valuation method (as opposed to a “cost plus” 

method), allowing RESS to stack services to make them viable; and 

f) they are to require that system expansion planning include RESS options, where applicable and 

viable. 

Regarding amendments to existing licences and other instruments, the Study recommends that 

a) where storage is to be exempted from being licensed separately, licence conditions of the existing 

licence be examined to ascertain whether the storage asset and its uses require changes to the 

licence conditions; 

b) grid connection agreements and/or grid power supply agreements be examined for the need to 

be modified where any grid user installs storage. 

Regarding the Electricity Bill and existing Rules/Regulations under the Act, the Study recommends that 

a) a single substantive set of Rules for RESSs be developed; 

b) storage licence conditions be developed; 

c) standards be incorporated into existing instruments and/or that new standards for storage be 

issued under the Electricity Bill (e.g. via RESS Rules or substantive standards on their own); 

d) amendments and/or additions to existing subordinate legislation and other applicable instruments 

(rules, regulations, codes, guidelines tariff instruments) be developed. 

Tariffs and Pricing for Regulated Energy Storage Systems 

The literature review and assessment of current tariff provisions has led to the following main findings: 

a) behind-the-meter RESS use with or without own generation should be enabled, within a fair grid 

pricing regime that ensures fair cost recovery by network operators; 

b) the Net Metering Rules require adjustments to enable fair pricing related to net metering with RESS;  

c) time-of-use pricing plays a critical part in ensuring efficient economic signals for the use and 

deployment of RESSs; 

d) connection charges should be set to avoid double-charging for RESS connections; 

e) prices for grid charging of RESS should avoid double-charging and ensure that prices reflect costs; 

f) RESSs should form part of the tools used in grid licensee expansion and upgrade planning activities 

and be subject to regulatory review to ensure that the spectrum of options was considered; and 

g) aggregation should be enabled and should allow end-consumer RESS to participate in providing 

grid services via an aggregator. 

Regarding tariffs and pricing for RESS, the Study recommends that 

1. where a RESS is added by an existing generator/network operator and affects consumers, adding 

RESS is to be justified by the economic net benefits of end-users while the procurement of RESS is 

to be undertaken competitively; 

2. where RESS is part of the design of a new generator it is to become part of the normal tariff 

determination process of that generator; 
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3. the Net Metering Rules are to be updated to include tariff regulation for customers with generation 

plus storage, for cases with and without the option of grid charging; 

4. scoping of storage for national power system optimisation is to form part of the NIRP process; and 

5. as part of the periodic tariff reviews, licensees are to demonstrate that RESSs form part of their 

master/resource/upgrade/expansion plans and that RESS are considered in investment decisions. 

Conclusions 

This Report reaches the following main conclusions regarding the development of regulations to 

enable and broaden the uptake and use of storage across Namibia’s electricity industry:  

1. Namibia’s plentiful renewable energy endowments, specifically its solar and wind resources, can 

be further unlocked using contemporary energy storage systems;  

2. Increasingly cost-effective storage systems and their applications are expected to incentivise the 

further development of intermittent renewable energy sources; 

3. The rapid development of cost-competitive energy storage systems and their applications is also 

expected to benefit the further electrification of rural areas using off-grid energy supply systems; 

4. The uptake and use of storage systems is expected to be of particular interest to commercial, 

industrial and utility users; 

5. As identified in this Report, various regulatory provisions are to be created or updated, to enable 

the uptake and use of RESSs across Namibia’s electricity industry; 

6. Namibia’s unfolding MSB Market offers potentials for the uptake and use of storage applications; 

7. For national power system planning to benefit from the advances in the field of storage, Namibia’s 

NIRP and licensee-specific resource plans are to be expanded to explicitly include RESSs; 

8. The to-be-developed RESS regulations are to be technology agnostic to maximise their 

application and future-proof them in the face of rapid technological developments;  

9. RESS-specific regulations are to define storage-specific licensing conditions and requirements and 

identify where and under what circumstances exemptions will be applicable; 

10. Minor amendments to the Technical and Economic Rules are to address RESS-specific aspects; 

11. The Net Metering Rules are to be updated to include provisions for entities operating generation 

capacities and RESSs as well as the grid charging considerations of net metered end-users;  

12. The Grid Codes’ technical requirements are to be reviewed by the Grid Code Committee(s);  

13. The adoption of international RESS-specific standards as they become available is considered 

advisable; 

14. RESS Rules are to enable aggregation, specify the requirements to hold a RESS licence and 

identify how RESSs are to be competitively procured if relevant and economically beneficial; 

15. Namibia’s electricity tariff methodologies require some adjustments to ensure that RESSs and their 

services form part of the overall determination of tariffs and charges. 
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1 Background 

In October 2020, and following a public bidding process, the Electricity Control Board (ECB) of 

Namibia appointed EMCON for the “Development of Energy Storage Regulations”, which is 

termed the Project.  

The consultant Team is led by EMCON and the Project is undertaken in association with Africa 

Power Ventures and Suntrace. 

2 Purpose 

This Report is one of several outputs under the Project and presents a Literature Review and 

Assessment of Regulatory Requirements related to energy storage systems relevant to Namibia’s 

electricity industry.  

The Report provides a succinct overview of issues from a select sample of relevant literature on 

the actions and requirements of regulatory authorities in response to the uptake and use of 

energy storage technologies in electricity industries across different jurisdictions. 

3 Scope 

The further sections of this Report are: 

1. Section 4 presents a summary of the definitions of the main terms used in this Report; 

2. Section 5 provides a brief overview of the methodology used in compiling this Report; 

3. Section 6 presents an introduction to energy storage systems and the potential 

applications of regulated energy storage systems as the main focus area of this Report; 

4. Section 7 summarises the main implications associated with the introduction of Namibia’s 

Modified Single Buyer Market and regulated energy storage systems; 

5. Section 8 identifies the main issues associated with the orderly planning of the national 

power system and the uptake and use of regulated energy storage systems; 

6. Section 9 presents the proposed categorisation framework for the regulatory treatment 

of regulated energy storage systems in Namibia; 

7. Section 10 provides a summary of the main legal requirements associated with the 

uptake and use of regulated energy storage systems in Namibia; 

8. Section 11 presents an overview of the main regulatory aspects associated with the 

uptake and use of regulated energy storage systems in Namibia; 

9. Section 12 describes the main issues of relevance to tariffs and pricing of regulated 

energy storage systems; and 

10. Section 13 provides conclusions. 

Several annexures provide technical details on aspects of relevance to specific subject matters, 

while the Resources section provides a list of numbered references in square brackets, e.g. 

reference [1] refers to the Electricity Act No. 4 of 2007 which are used throughout the text.  
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4 Key Definitions used in this Report 

Table 1 summarises the definitions used in this Report. 

Table 1: Summary of definitions used in this Report 

Term Definition 

aggregator 
An entity using multiple regulated energy storage devices to provide 

services to the electricity industry 

Client Electricity Control Board (ECB) 

energy storage system (ESS) An application used to temporarily store and release energy 

generation licence 
A licence for an electricity generation activity issued by the Regulator 

under the relevant legislation, i.e. currently the Electricity Act, No. 4 of 2007 

licensing requirements 
Specific conditions laid down in legislation that determine whether an 

activity requires to be licensed, i.e. currently the Electricity Act, 4 of 2007 

mini-grid 

An electricity supply system that is not connected to the national electricity 

grid, and feeds grid-code compliant local electricity distribution networks 

(at low voltage (up to 1 kV) and/or medium voltage (between 1 kV and 44 

kV)) to provide electrical energy to multiple end-users 

Project The development of energy storage regulations for Namibia 

regulated energy storage 

system (RESS) 

A regulated energy storage system (RESS) uses electrical energy as input, 

stores this energy internally and supplies electrical energy as output at a 

later time to a transmission or distribution system or a mini-grid 

Regulator The Electricity Control Board (ECB) or successor entity 

storage licence A licence for a regulated energy storage system issued by the Regulator 
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5 Methodology 

Based on the Terms of Reference guiding this Project and the Technical Proposal submitted by 

the consulting Team, the following methodology was used in compiling this Report: 

a) Identifying national, regional and international literature of relevance to the development 

of the regulatory provisions underpinning the introduction of energy storage systems, 

including relevant regulatory frameworks where available; 

b) Assessing the literature identified in a) in terms of the following topics and aspects: 

1) Classification of energy storage technologies 

2) Energy storage technologies and their main applications 

3) Services to be provided by energy storage technologies, including ancillary services, 

peak shifting and peak management, back-up power, aggregation of storage devices 

and their integration with the grid, and others 

4) Charging / scheduling requirements 

5) Licensing requirements and associated procedures 

6) Tariff-related approaches 

7) Applicable standards 

8) Environmental impacts and measures 

9) Integration of energy storage technologies with intermittent renewable energy systems 

and applications 

10) Requirements to grid-connect energy storage technologies 

11) Decommissioning and disposal of energy storage technologies 

12) International best practices in the use of energy storage systems. 

c) Summarising the key regulatory requirements and likely provisions to be developed; 

d) Identifying and describing the measures that are to be developed to comprehensively 

define, and classify energy storage systems that are to be under regulatory control; 

e) Identifying and describing the options to licence energy storage systems, including 

recommendations on the preferred approach; 

f) Assessing the high-level impacts on the modified single buyer market model; 

g) Assessing the tariff-related requirements and impacts on existing tariff methodologies; 

h) Assessing the requirements and impacts that the National Integrated Resource Plan is likely 

to have on the introduction and use of energy storage systems in Namibia; 

i) Assessing the need for the development of additional policies, rules, procedures and 

guidelines and the impact of the Project on existing legislation; and 

j) Reviewing aspects of relevance for regulatory compliance and the existing legal framework. 

The main results of the literature review and assessment of regulatory requirements are 

summarised in the sections below. 
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6 Introduction to Energy Storage Systems 

6.1 Background 

A wide variety of systems, technologies and approaches are used to store energy [3]. 

Contemporary energy storage systems range from tiny electric energy storage cells in watches, 

remote controls and other consumer products, to thermal energy storage applications used in 

solar water heaters and to control temperatures in buildings, small- to large-scale electric 

storage applications used in power tools, storage systems for solar home systems and 

uninterrupted power supplies and large-scale electrical energy storage systems connected to 

the transmission/distribution grid as well as pumped storage facilities storing water to generate 

electricity and molten salt thermal energy storage applications used in concentrated solar 

power stations, and others [4]. The main energy storage types include: 

1. mechanical energy storage systems, including pumped hydro-electric storage, 

compressed air storage, flywheels, gravitational energy storage and related systems;  

2. electro-chemical energy storage systems, including lead-acid batteries, lithium-ion 

batteries, sodium-sulphur batteries and flow batteries; 

3. electrical energy storage systems, including capacitors and superconducting magnets; 

4. thermal energy storage systems, such as heat storage systems; as well as 

5. thermo-chemical and chemical energy storage systems, including most fuels (fossil fuels 

such as coal, liquid petroleum and its gases, biomass, hydrogen and many others). 

Figure 1 illustrates the variety of types of energy storage systems in use while Table 2 provides an 

overview of their technical maturity, main applications and examples of such applications. 

Figure 1: Types of energy storage systems [5]  
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Table 2: Energy storage types, their development stage, main applications [6] 

ESS Type Sub-category Development 

stage [55] 

Main applications [56] Examples [55], [56] 

Mechanical Pumped 
hydro 

Mature Frequency control 
(secondary reserve, 
minute reserve), 
voltage control, 
peak shaving, load 
levelling, standing 
reserve, black start 

Goldisthal Project 
(Germany);  
Okinawa Yanbaru 
Seawater PSH Facility 
(Japan);  
Pedreira PSH Station 
(Brazil) 

Compressed 
air 

Developed Frequency control, 
voltage control, peak 
shaving, load levelling, 
standing reserve, black 
start 

McIntosh (Alabama, 
United States);  
Huntorf (Germany) 

Flywheels Commercial Primary frequency 
control, voltage control, 
peak shaving, UPS 

PJM Project (United 
States) 

Electro-
chemical 

Lead-acid Mature Frequency control, 
peak shaving, load 
levelling, island grids, 
residential storage 
systems, UPS 

Notrees Wind Storage 
Demonstration Project 
(United States) 

Lithium-ion Commercial Frequency control, 
voltage control, peak 
shaving, load levelling, 
electromobility, 
residential storage 

AES Laurel Mountain 
(United States) 

Sodium-sulfur Commercial Frequency control, 
peak shaving, load 
levelling, island grids, 
electromobility, UPS 

Presidio, Texas (United 
States);  
Rokkasho Futamata 
Project (Japan) 

Flow batteries Developing Secondary/tertiary 
frequency control, 
long-term storage, 
island grids 

Sumimtomo’s Densetsu 
Office (Japan) 

Electrical Capacitors Developing Primary frequency 
control, voltage control, 
peak shaving, UPS 

Hybrid electric vehicles 
(R&D phase) 

Supercon-

ducting 

magnets 

Demo/Early Primary frequency 

control, voltage control, 

peak shaving, UPS 

D-SMES (United States) 

Thermo-
chemical 

Hydrogen Developing Seasonal storage Various demo systems 

Other fuels Seasonal storage TCS for Concentrated 
Solar Power Plants (R&D) 

Thermal Heat storage 
systems 

Developing/
Demo/ 
Early 

Frequency control, 
voltage control, peak 
shaving, load levelling, 
standing reserve, black 
start capacity 

Drake Landing Solar 
Community (Canada); 
Akershus University 
Hospital and Nydalen 
Industrial Park (Norway); 
Marstal district heating 
system (Denmark) 
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6.2 Focus of this Study and Exclusions 

The present study is to develop regulations for the use of energy storage systems in Namibia’s 

electricity industry. These regulations are to be technology agnostic to ensure a level playing 

field for current and future energy storage systems and technologies and thereby future-proof 

the regulations in the face of rapidly developing energy storage technologies and applications. 

Contemporary energy storage systems offer numerous applications. It is therefore important to 

define the types of energy storage systems that are to be regulated under the existing and near-

term future mandate of the relevant regulatory authority serving Namibia’s electricity industry. 

Under the Electricity Act of 2007, the ECB has the mandate to regulate the country’s electricity 

industry [1]. The NERA bill widens the mandate of the Regulator to include any form of energy, 

however the only sector for which legislation has been developed so far is the electricity industry 

(as per the Electricity Bill [2]). Therefore, under this (existing and near-term future) legal 

framework, the scope of the present study is limited to energy storage systems that are to be 

used in the electricity sector as it is not possible to assess impacts on sectors or sub-sectors that 

are not defined in relation to the roles and responsibilities of the Regulator.  

The next question is which energy storage systems and uses are to be regulated by the 

regulatory authority. A multitude of energy storage systems and associated applications have 

existed for many years and do not need to be regulated in the context of Namibia’s electricity 

industry as they have no tangible impact on the industry and the country’s existing electricity 

system. Such storage systems and applications do not require new regulation as the market for 

these is fully established and competitive without specific monopolies.  

On the other hand, new and emerging uses of energy storage systems that materially change 

the use of existing and future electricity services must be considered for regulation. This is 

because such uses can have an impact on the cost of electricity services, which are and remain 

regulated, or the cost of generation of electricity for use by captive end consumers, which also 

require regulation. 

It is also important to note that energy storage systems have many off-grid applications, 

including for mini-grids (e.g. providing off-grid electricity supplies to multiple end-users) or those 

used by individual end-users (e.g. solar home systems).  

To define the scope and direction of the present study, a decision framework was developed 

to logically, transparently and consistently identify those energy storage systems that are to be 

considered in this Report. Such energy storage systems are those that need to be considered 

for regulation, and are therefore called “regulated energy storage systems”, abbreviated RESSs.  

The departure point of the decision framework used in this Report includes all types of energy 

storage systems as summarised in Figure 1 illustrates the variety of types of energy storage 

systems in use while Table 2 provides an overview of their technical maturity, main applications 

and examples of such applications. 

Figure 1. However, not all energy storage systems are relevant to Namibia’s current and near-

future electricity industry.  

For this study, it is therefore important to separate out those energy storage systems that do not 

require regulations for their continued or future uses, and those energy storage systems that 

necessitate the development of regulations. To this end, the decision framework identifies those 

energy storage systems that require regulation and calls these “regulated energy storage 

systems”. The to-be-developed regulations for RESSs are at the core of the present Project.  
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Figure 2 illustrates the decision framework that is used to identify those energy storage systems 

that require the development of regulations in Namibia’s electricity supply industry (ESI).  

Figure 2: Decision framework to focus on the topic of this Study [6] 

The application of the decision framework illustrated in Figure 2 allows for the targeted 

development of regulations required for the uptake and use of RESSs across Namibia’s ESI. Such 

regulations are to apply to all relevant use cases and applications of RESSs, irrespective of 

whether they are eligible for direct licensing or whether they are part of an electricity-related 

licence issued by the regulatory authority responsible for the country’s electricity industry.  

6.3 Definition of Energy Storage Systems and Regulated Energy Storage Systems 

The literature offers a wide variety of definitions for energy storage systems (for example, refer to 

references [10] to  [14]), and motivates that this study defines an energy storage system (ESS) as  

An energy storage system (ESS) is an application to temporarily store and release energy. 

This definition encompasses all types of energy storage systems as depicted in Figure 1. However, 

only a sub-set of ESSs and their applications have an impact on the electricity industry that 

justifies their regulation. For energy storage systems relevant for the electricity industry, the 

literature offers a variety of definitions, including those offered by  

 CPUC stating that “… storage can be defined as: a set of technologies capable of 

storing previously generated electric energy and releasing that energy at a later time”  

[21], 

 RINA stating that “… the definition of energy storage referred to here is intended for 

storage of electric energy, which can be through various types of energy storage, where 

the initial and final form of energy is electric energy but not delivered as heat or gas …” 

[15] 

 IEC defines electrical energy storage as an “…installation able to absorb electrical 

energy, to store it for a certain amount of time and to release electrical energy during 

which energy conversion processes may be included”  [54]. 

 IEC defines an electrical energy storage system as a “grid-connected installation with 

defined electrical boundaries, comprising at least one electrical energy storage, which 

extracts electrical energy from an electric power system, stores the energy internally in 
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some manner and injects electrical energy into an electrical power system and which 

includes civil engineering works, energy conversion equipment and related ancillary 

equipment”  [54]. 

Based on the various definitions in the literature, including for example [15], [18], [20],  [54] and 

others, this study defines a regulated energy storage system (RESS, working definition) as follows: 

A regulated energy storage system (RESS) uses electrical energy as input, stores this 

energy internally and supplies electrical energy as output at a later time to a transmission 

or distribution system or a mini-grid. 

It is noted that the above definition for RESS is in broad agreement with the description of energy 

storage systems as provided in the Terms of Reference guiding this study, i.e.  

“Energy storage systems convert energy into a form that can be stored and subsequently 

converted into useful energy as and when required. The energy can be stored in any form, 

including as electrical energy, thermal energy and gravitational potential energy.” 

The rationale for the above definition of a RESS rests on the realisation that regulations for energy 

storage systems are only relevant if they have an impact on the electricity industry (besides 

having a purely consumptive impact). The above definition of a RESS therefore focuses on those 

energy storage systems that use electricity as input and output energies, while being used to 

supply electrical energy to an electricity grid while being technology agnostic. 

The above definition for RESSs therefore eliminates: 

a) All energy and electricity storage applications in consumer and industrial devices that 

are not used to feed electricity into a transmission, distribution or mini-grid, and therefore 

have no impact on such electricity grids besides a (possible) purely consumptive impact.  

b) All naturally occurring fuels, such as for example biomass, coal, natural gas, nuclear 

materials, oil and others, which are often used in the electricity industry to power 

generation technologies (which are regulated under the framework for the generation 

of electricity).  

c) Thermal energy applications that do not have a direct impact on an electricity grid, e.g. 

solar water heaters (these have a consumptive impact only) and energy storage systems 

used in solar thermal power stations which are an integral part of the generation 

technology without any electricity input required from the grid. 

d) Stand-alone off-grid electrical energy storage applications (for example for an off-grid 

mine or farm). An off-grid electrical energy storage system of this type only exists in a 

configuration that includes a generator since there is no other source of electrical 

energy to charge it (in the absence of a grid). Such applications can therefore be 

regulated as part of the generation activity provided that such an activity is subject to 

regulation. 

The above definition for RESS does, however, retain all energy storage systems that use electricity 

as input and provide electricity as output at a later time, to feed into a grid (including the 

national grid or mini-grids), irrespective of their technical implementation. This is in line with the 

technology agnostic approach adopted in this Report, which creates the scope for current and 

future technologies and applications involving RESSs. Specifically, the definition for RESS includes 

those energy storage systems that have been in use in the electricity industry for a long time, 

including for example pumped storage, battery energy storage systems and others, thereby 
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enabling consideration of how such storage systems, technologies and applications are to be 

regulated under Namibian provisions. 

Some examples of applications that are specifically included in the definition of RESS: 

 Pumped storage hydro schemes generating electricity, 

 Grid-connected BESS applications used by transmission or distribution grid operators to 

manage peak demand and/or to provide other services, 

 BESS used with a net metered solar PV consumer installation (behind the meter) capable 

of feeding electricity back into the grid, 

 Electric vehicles used in “vehicle-to-grid” configurations to feed electricity back into the 

grid (behind the meter), 

 BESS used with a grid-connected solar PV power plant capable of feeding electricity 

back into the grid, 

 BESS used with a mini-grid-connected hybrid solar PV power and diesel power plant, 

 Mechanical/kinetic energy storage applications connected to the transmission grid. 

The remainder of this study focuses on RESSs and their applications to determine the types and 

approaches required for their regulated uptake and use in Namibia’s electricity industry.  

6.4 Relevance of Regulated Energy Storage Systems in Namibia’s Electricity Industry  

Electricity is a key underpinning of modern life. Recent technical advances have resulted in new 

approaches to generate and supply electricity, particularly those powered by renewable 

energy resources, e.g. solar and wind energy. However, as the sun does not always shine and 

the wind does not always blow, electricity from such intermittent sources cannot always be used 

to match the prevailing electricity demand. Such short-term supply deficiencies are increasingly 

being met by energy storage systems, which are also able to render a variety of other grid-

related services. 

These developments and advances are of cardinal importance for Namibia. In 2021, the 

country continues to rely on substantial imports of electricity [49]. At the same time, most of 

Namibia’s local generation capacities are powered by intermittent renewable resources, 

notably by run-of-river hydropower and solar photovoltaic (PV) generation, and to a much lesser 

extent, by wind power. Several Independent Power Producers (IPPs) have become operational 

since 2015, all these except a single wind IPP use solar PV.  

This highlights two critical aspects: a) Namibia’s electricity generation capacity must be 

enhanced to increase in-country generation, and b) the country’s capacity to effectively 

enable the uptake and use of energy storage systems and technologies will allow the increased 

use of intermittent generation sources without risking the stability of the grid as well as providing 

important reliability services, as identified in the National Energy Policy  [50] and the Renewable 

Energy Policy of Namibia  [51]. 

Addressing the above necessitates increased investments to create generation capacities, 

including in supplies that can be dispatched when intermittent generation sources are 

unavailable. Such supplies include systems that store electrical energy when supplies are 

abundant and can release electricity when demanded. Today, a wide variety of energy 

storage systems are available, and these are expected to play an ever-more important role in 
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Namibia’s electricity industry, provided that their uptake and use is enabled by suitable 

regulatory provisions. 

6.5 Regulated Energy Storage Systems 

As highlighted in section 6.3, the RESSs considered in this study are singled out from amongst the 

broader types and applications of ESSs because of their impact on the country’s electricity 

industry. The remainder of this section therefore focuses on providing an introductory overview 

to RESSs that will enable the identification and assessment of the legal and regulatory 

implications associated with such energy storage systems in Namibia’s electricity industry. 

The energy storage systems used in the electricity industry receive electrical energy as energy 

input, which is converted by internal processes and later released in the form of electrical energy 

for further use. Table 3 serves to illustrate the various conversion steps, whereby electrical energy 

is received as input, stored, and subsequently released, with a common battery energy storage 

system (BESS) as example in the right column.  
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Table 3: Conversion steps in the storage of electrical energy in a battery energy storage system  [22]
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6.6 Electricity-related Services from Energy Storage Systems 

ESSs used in the electricity industry have a variety of applications and due to their flexibility, they 

are technically suited to address many common challenges in the management of electrical 

grid infrastructure. The grey boxes in Table 4 highlight the main services that ESSs used in the 

electricity industry provide; these fall into one of the following categories: 

1. Energy-based applications;

2. Power-based applications; and a

3. Combination of applications.

Table 4: Applications of energy storage systems used in the electricity industry [38] 

6.6.1 Energy-based Applications 

The use of energy storage for energy-based applications is most broadly known in the entire ESI 

including customers, where ESS provide value as a result of shifting the time of use (TOU) of 

electrical energy. The TOU concept treats electricity as a commodity which uses ESS to store 

electricity when it has a low economic value and releasing such stored electricity when the 

value of electricity has a high value. Examples of such applications include: 

 shifting the time / duration during which peak generation has to be dispatched

 trading of energy by buying when its value is low and selling when it is high (price arbitrage) 

 shifting the load into periods where it results in less electricity-related expenses.

The common property of the above applications is that the value that the ESS provides related 

to the energy throughput (e.g. expressed in MWh), which is why these are called energy-based 

applications.
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6.6.2 Power-based Applications 

A second category of ESS applications used in the electricity industry are power-based 

applications. In these applications, the value of the energy stored in the ESS is of secondary 

importance. Instead, the ESS is used to compensate a temporary excess or deficit in active 

power in the grid or in a particular section of the grid. Examples of such power-based 

applications include: 

 primary, secondary and tertiary frequency response / spinning reserve 

 load and peak generation shaving, i.e. limiting peak consumption to a given threshold 

 ramp rate control, i.e. limiting the maximal rate of the change of power. 

A common property of these applications is that the value of the ESS service is expressed as a 

capacity provided over a certain time. For example, primary frequency response in the 

European entso-e grid is remunerated in EUR/MW-day, i.e. the value of keeping the service 

available for a day, without any additional compensation associated with such a service.  

6.6.3 Combination of Applications 

Due to their versality, ESS are often providing multiple applications. This is referred to as value or 

service stacking; such applications can be in form of serial or parallel combinations.  

A serial combination of an ESS application may be feasible wherever there are two or more 

suitable applications to be provided sequentially. For example, a BESS provides ramp rate 

control for a PV power plant during the day. Such a BESS could then provide primary frequency 

responses during the night-time when the PV power plant is not producing and does not need 

ramp rate control. The advantage of such a value stacking is that the BESS can generate two 

benefits using the same capital expenditure.  

A parallel combination of ESS applications means that the ESS provides two or more services at 

the same time. For example, a 20 MW BESS provides 10 MW of its power to energy trading and 

10 MW of primary frequency response at the same time. In certain cases, it might even be 

possible to offer more power than required, e.g. to combine additional output dedicated to 

energy trading in order to provide primary frequency responses. It is to be noted that parallel 

combinations are often more complex than serial combinations.  

6.7 Integrating Energy Storage Systems into the Electricity Grid 

The services indicated in the form of red boxes in Table 4 are of particular value when integrating 

ESS with intermittent renewable energy sources, and they serve as examples of how ESS are 

integrated into the contemporary electricity supply and distribution industry. Figure 3 shows the 

principal approaches to integrate ESS with electricity grid infrastructure [39]: 

 as stand-alone ESS, e.g. in the form of a stand-alone BESS that provides ancillary services; 

 as hybrid power plant (HPP), by co-location with other generation and storage facilities to 

combine the technical and commercial advantages of multiple technologies; 

 as a virtual power plant (VPP), whereby generation, energy storage and consumption are 

operated as if co-located while not physically present on one site; and 

 where generation, energy storage and consumption are co-located. 



Development of Energy Storage Regulations
Final Report: Assessment of Requirements for the Regulation of Electricity Storage

Page 14 

Figure 3: Integration options for electrical energy storage systems [39] 

6.8 Applications and Services of Energy Storage Systems in the Electricity Industry 

The following applications of energy storage systems are of immediate relevance to the 

Namibian electricity industry and, by implication, necessitate that relevant legal and regulatory 

provisions are in place. 

6.8.1 Domestic Applications of Energy Storage Systems 

In the domestic end-user market, several ESS applications are of importance, including 

supporting grid-connected end-users and broadening access to electricity. 

In so-called “behind-the-meter” applications, domestic end-users utilise a variety of battery 

storage systems, to augment grid supply and to store energy generated from their own 

electricity generation equipment, such as solar photovoltaic installations.  In addition, and more 

prevalent in rural than in urban Namibia, are a variety of backup power supply systems. Some 

of these include electrical energy storage, which allows end-users to draw electricity even 

without the main electricity supply source being in operation, i.e. when the generator is not 

running, or in case of renewable energy installations, when the sun is not shining, or the wind is 

not blowing.  

The above uses of the various energy storage devices are most likely to continue. In particular, 

middle- to high-income earners are expected to increasingly wish to gain control over their own 

electricity supply and invest in grid-connected renewable energy generation plant, e.g. solar 

PV technologies. This development will shift the more traditional use of ESS in the domestic sector 

away from merely being a convenient backup supply, into becoming a more integral part of 

the country’s future electricity supply systems. This is likely to be accompanied by a general shift 

towards a more decentralised provision of power generation, with domestic end-users, 

businesses and commercial entities producing more of their own electricity in response to 

declining technology costs and ever-rising tariffs of grid-supplied electricity. 
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While not yet mainstreamed, electric vehicles are increasingly becoming more popular around 

the world. When the use of such vehicles increases in Namibia, they may, in time, have a 

profound impact on domestic electricity consumption as a result of  the charging requirements 

of their energy storage systems.  

Another development that is expected to become increasingly popular is the application of 

mini- and micro-grids, which rely on a variety of electricity supply technologies as well as energy 

storage systems. Developments of this nature, driven amongst others by the rapid adoption of 

solar technologies throughout the domestic electricity user sector, are expected to lay the 

foundation for more interactive and flexible distribution supplies and in its wake, enhance the 

resilience of the electricity supply and distribution industry. 

International experience, especially in countries having a similar solar regime to that of Namibia, 

show that self-generation and investments in storage technologies need more than willing 

consumers: targeted incentives and regulatory provisions are essential ingredients, without 

which many of the above trends are likely to remain stifled. 

6.8.2 Commercial and Industrial Applications of Energy Storage Systems 

Currently, commercial and industrial ESS applications are mainly centred around electric 

backup applications, such as uninterruptible power supplies. In future, and in response to 

escalating grid-supplied electricity prices, commercial and industrial consumers are expected 

to increasingly invest in their own renewables-based power generation, to reduce their 

electricity bills. Commercial and industrial actors are expected to invest in ESS, for example to 

lower their maximum demand and thereby lower associated charges by the supplier and for 

emergency backup purposes. Motivation for such investments would increase if the duration of 

grid outages or grid instability were to rise in future.  

However, as commercial and industrial uses of ESS applications may be more bottom-line 

oriented than those in the domestic sector, it is important to note that current petrol- or diesel-

powered stand-by generation technologies offer many of the above services, at a fraction of 

the cost that would be incurred by investing in contemporary energy storage technologies. This 

implies that storage costs must decrease further before the scale and scope of commercial and 

industrial investments in electrical energy storage systems will significantly increase in Namibia, 

noting however the significant decline in BESS costs over the past decade which is considered 

likely to increase the uptake of such technologies given the cost of electricity in Namibia.  

As the uptake of intermittent generation sources increases, a situation could arise whereby 

commercial and industrial actors would only be allowed to grid-connect additional intermittent 

plant if it included storage capacity. For example, a recent assessment undertaken for the ECB 

suggested that grid instability could arise if the percentage of intermittent capacity exceeded 

50% of total supplies  [53]. This implies that the further penetration of intermittent capacity is likely 

to stimulate the gradual uptake of energy storage systems and technologies across the industry.  

This is an important aspect, noting that ESS can provide multiple services, implying a win-win for 

consumers as well as network operators, including but not limited to the reduction in demand 

charges, energy shifting, power quality and grid reliability, all of which are expected to promote 

the uptake of BESS over and above the dramatic cost reductions highlighted earlier. A win-win 

situation would also arise when consumers reduce their bill (i.e. revenue to the licensee is 

reduced) while the licensee also sees its cost reduced by a similar magnitude. An imbalance 

between licensee revenue reduction (consumer gains) and licensee cost reduction can lead 

to a net income loss for the licensee. 
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6.8.3 Utility-scale Applications of Energy Storage Systems 

In early 2021, ESS do not form a significant part of Namibia’s main grid operations, despite the 

rapid rise of intermittent renewables across the country. In future, ESS applications are expected 

to become more prevalent, especially in network locations that may become temporarily 

unstable, or be constrained. Also, ESS are expected to play an increasing role in the control and 

management of the network frequency, to rapidly manage load and generation profiles and 

to regulate power flows and voltage levels, mostly in distribution networks.  

While domestic, commercial, and industrial uses of energy storage are expected to increase in 

future, utility-scale ESS projects at the local and national level offer a new option to manage 

and respond to the impacts brought about by the rapid uptake of intermittent generation 

technologies. In this way, storage facilities become a tool to manage and mitigate reliability 

and associated risks at local or national level. This approach, however, necessitates a shift in 

how Namibia’s grid is managed: traditionally, grid constraints were addressed by strengthening 

infrastructure, upgrading transmission lines or distribution networks and associated infrastructure.  

As large-scale ESS applications become more readily available, network operators will compare 

these traditional approaches (to strengthen grid infrastructure, including grid capacity 

upgrades and expansions) with the costs, benefits, and speed of impact, associated with the 

installation of storage facilities in the network. Here, the modularity and ease of implementation 

of modern ESS are important, as they can readily and flexibly respond to a given challenge, 

while offering cost and time advantages. In contrast, many large-scale grid infrastructure 

upgrades are inflexible, site specific, expensive, and challenging to implement.  

Irrespective of whether ESS is connected on the consumer side, or within the network on the 

utility side, it affects network-wide power flows, which need to be managed. It is for this reason 

that utility-scale storage systems are considered to be the most responsive type of ESS to address 

overall network challenges, thereby creating the necessary conditions to meaningfully integrate 

domestic, commercial and industrial users in a smartened grid of the future. 

The following sub-sections describe the multitude of services that electrical ESSs provide in grid-

connected and off-grid settings, as well as for generators and electricity utilities. 

6.8.4 Services for Off-grid End-Users 

From the perspective of an off-grid electricity end-user, ESSs are the critical ingredient to ensure 

continuous power supply, storing electricity when the off-grid power supply produces more than 

is momentarily consumed and supplying electricity when demand exceeds the supply from the 

off-grid generating unit(s) or when the generating units are not able to generate. 

6.8.5 Services for Grid-connected End-Users 

From the perspective of a grid-connected electricity end-user, the value proposition that ESSs is 

centred around the following services: 

a. Increased self-consumption from own generation: a common and increasingly popular 

application of storage technologies is to increase the amount of self-produced electricity 

from own generation assets, for example a solar PV plant or similar;

b. Emergency power supply/uninterruptable power supply: some end-users may rely on 

equipment that necessitates continuous electricity supplies, including those using critical 
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information and telecommunications technologies. In such cases, ESS substitute emergency 

stand-by generators and are in use as uninterruptible power supplies. 

c. Time-shifting and peak shaving: for end-users on time-of-use electricity tariffs, electricity 

storage systems can effectively be employed to reduce total electricity costs by reducing 

consumption in high-cost peak demand periods and recharging such storage systems in off-

peak times. Electricity storage can also be used by consumers to flatten a peaky load profile, 

thereby reducing maximum demand related charges. 

d. Electric vehicles: increasingly, electric vehicles are entering the market space and begin to 

be cost-competitive with petroleum-powered vehicles. This development is the result of 

intense research and development efforts and the mainstreaming of high-performance 

electrical energy storage systems such as lithium-ion, nickel-cadmium and other battery 

storage systems used in such mobile applications. Increasingly, such energy storage 

technologies are expected to find additional applications, for example contributing to 

power domestic or commercial uses while being connected to the power grid, known as 

vehicle-to-home and vehicle-to-grid applications. 

6.8.6 Services for Independent Power Producers  

From the perspective of IPPs generating electricity using intermittent supply sources, ESS hold the 

following main development prospects: 

a. Energy trading / arbitrage: electrical energy is procured to charge a BESS when the value 

of electricity is low, e.g. in times of low demand or when an excess of generation exists. Such 

electricity is then sold and discharged from the BESS when its value is high, e.g. in times of 

high demand or when a lack of generation exists. 

b. Time-shifting / renewables-shifting: when generating electricity using intermittent sources, 

the timing of supplies may be out of step with the prevailing demand. For an IPP, storage 

technologies can store electrical energy when supply exceeds demand, providing 

additional power where demand exceeds supply, while also creating opportunities to sell 

in peak demand periods and benefitting from high time-of-use tariffs, while limiting or 

curtailing sales in low-demand periods. 

c. Frequency response control: the electrical output of intermittent generation capacities 

varies significantly throughout any given day as these are determined by prevailing weather 

conditions. By rapidly supplying or absorbing power, in response to deviations from the 

nominal frequency and imbalances between supply and demand, such capabilities 

provide stability to the system during short-term disturbances and thereby assist with the 

stabilisation of the frequency, especially under islanded network conditions. 

d. Balancing: the MSB’s operating requirements emphasise the importance of reliable 

supplies, which incentive the use of ESS to strengthen the predictability and reliability of one 

or several outputs of generation plant.   

e. Resource adequacy: providing an assurance of contracted capacity as and when required 

by the network utility.  

6.8.7 Services for Electricity Utilities 

From the point of view of an electricity utility such as NamPower or the various main electricity 

distribution entities operating in the country, ESSs are of increasing relevance as a result of the 

following main prospects: 
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a. Time-shifting 

In some instances, temporary changes in the peak demand may best be addressed by 

using suitable storage. By time-shifting electricity supplies, overall generation costs can be 

reduced. This is achieved by storing energy at off-peak times, for example at night and 

having this available for dispatch in peak demand periods.  

b. Energy trading / price arbitrage 

Energy trading is the most intuitive application by an ESS such as a BESS: energy is procured 

and charged into the BESS when its value is low, e.g. in times of low demand or excess 

generation. It is then sold and discharged from the BESS when its value is high, e.g. in times 

of high demand or lack of generation. 

c. Power quality management, control and network stability 

One of the important responsibilities for electricity utilities such as NamPower is the system-

wide control of voltage and frequency. This is generally achieved by adjusting supplies to 

the changing demand patterns. Specifically, voltage is generally controlled by taps of 

transformers and reactive power with phase modifiers, frequency is controlled by adjusting 

the output of generating units. Here, ESS can provide frequency control functions and 

control voltage fluctuations in networks.  

d. Peak shaving / curtailment avoidance 

During bottlenecks in the electricity grid in times of high renewable generation, many grid 

operators are entitled to curtail the generation. This ESS application seems very similar with 

generation peak shifting and the two are often confused. However, they are differentiated 

by their optimisation goal, i.e. the goal of generation peak shifting is to maximize the profit 

caused by the volatility of the electricity price, and the goal of the generation peak 

shaving is to avoid that generated energy is curtailed. Figure 4 illustrates how generation 

peak shaving can be applied using ESS. 

Figure 4: Generation peak shaving from the utility perspective [44]  

e. Peak management 

Peak load shifting is very similar to energy trading since the goal is to buy and store 

electricity during periods in the day when it is at a low price or available in excess or cannot 

be sold for other reasons.  
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However, for peak load shifting, the goal is not to sell the electricity at the higher price. 

Instead, the electricity is used to meet a demand, be it local consumption, e.g. of an 

industrial site, at times when the electricity price is high or to increase the renewable energy 

share. Viable business cases will develop over time with the continuous reduction in BESS 

prices. 

f. Ramp rate control 

The power output of variable renewable generators such as wind turbines and PV power 

plants fluctuates depending on the availability of natural resources. 

g. Reactive power provision and static voltage stabilisation 

In addition to the input and output of active power, a BESS can provide reactive power 

similar to PCS for PV and wind power plants. This reactive power can either be dispatched 

from the grid operator or through a local voltage stabilization control loop. As an effect, 

the local static voltage stability can be improved and active power flows in the grid can 

be adjusted. 

h. Flicker compensation and harmonics compensation 

The use of ESS in combination with power electronics and other non-linear loads to restore 

the quality of the power supply. 

i. Network efficiency improvements / decongestion 

Occasionally, power networks can be congested, which may occur when 

transmission/distribution lines are not sufficiently sized to be able to convey electrical 

energy as demanded. In such cases, large-scale ESSs installed at strategic locations 

reduce congestion and can be used to delay network reinforcements and upgrades.  

j. Emergency power supply for protection and control equipment 

A reliable power supply for protection and control is of critical importance for electricity 

utilities and backup battery systems are frequently used as an emergency power supply. 

6.9 Charging, Discharging and Scheduling Strategies 

Depending on their application, the strategies used to charge, discharge and schedule grid-

connected BESS differ. The examples provided below illustrate how the charging, discharging 

and scheduling of grid-connected BESS are used in practice.  

a. Emergency power supply [57] 

When a grid fault is detected, the BESS is switched from floating charging mode to constant 

voltage and constant frequency discharge mode, i.e. switching from grid-connected 

mode to stand-alone mode. Backward switching (from stand-alone to grid-connected 

mode) takes place once the grid fault has been resolved.  

b. Time-shifting 

Large-scale BESS can accomplish load shifting by discharging, e.g. during peak demand 

periods as well as charging during off-peak periods. The advantage is the fast response 

rate that BESSs offer, as well as the high conversion efficiency and dual direction in which 

power can flow. Here, the charging/discharging is determined by the daily load curve. 
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c. Energy arbitrage 

Energy arbitrage involves charging the BESS when electricity tariffs are low and selling 

electricity when the tariff is at a premium, thereby benefitting from the predictability of 

time-of-use tariffs.  

d. Frequency and voltage control [54], [55]

BESS can help with frequency and voltage control of the grid. During the regulation period, 

units must follow either self-measured system frequency/voltage deviations, or control 

signals provided by the transmission system operator. With the known values of the 

frequency/voltage deviation, various control strategies might be used to control SoC of 

ESS.  

In all such control strategies, the main principle remains the same, in that the main control 

centre sends charging/discharging commands to the BESS when the voltage or frequency 

deviation exceeds the normal range and participating BESS units provide a regulation 

active and reactive power proportional to the deviation from nominal voltage or 

frequency. In this way, the rapid response capabilities of BESS provide stability to the system 

during short-term disturbances which assist with frequency stabilisation which is particularly 

important under islanded network conditions. 

e. Curtailment avoidance 

When the grid’s maximum load is reached and some curtailment of the generation is 

required, BESSs are used. Instead of switching off some of the generation (for example, 

wind or solar power), the participating BESSs receive a signal to start charging from the grid 

and is released back to the grid during the low-load periods. 

f. Ramp rate control 

Variable renewable generators occasionally and abruptly change their power output, 

including the abrupt starting or stopping of power production. For the grid’s proper 

operation, such abrupt changes of the power on the grid must be strictly limited. This can 

be done using grid-connected BESSs. When a change in power is forecast or observed, a 

signal is sent to participating BESSs so that these start charging/discharging, depending on 

whether a surplus or a lack of power is seen on the grid.  

g. Flicker compensation and harmonics compensation [58]

A flexible alternating current transmission system (FACTS) is used for controlling vital grid 

parameters and to mitigate the problems associated with flicker and harmonics, among 

others. Commonly used FACTS devices deal with reactive power compensation. However, 

integrating a BESS into a FACTS device can lead to improved controller flexibility, by 

providing dynamic decentralised active power capabilities. In this way, such BESS can 

improve the effectiveness and functionality of FACTS and assist in the control and 

compensation of flicker and harmonics. When flicker or harmonics exceed the set and 

allowable limits, participating BESSs start injecting or consuming a predefined amount (set 

for each type of deviation) of active and reactive power. 
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6.10 Environmental Aspects of Energy Storage Systems 

Namibia’s Environmental Management Act, Act No 7 of 2007, identifies the requirements 

pertaining to environmental planning and impact assessments as applicable to electricity 

generation projects.  

Under the Environmental Management Act, the Ministry of Environment, Forestry and Tourism 

(MEFT) lays down the requirements that an Environmental Impact Assessment must satisfy. These 

matters relate to the activities that may not be undertaken without an environmental clearance 

certificate, the scope of an assessment as well as the procedures/methodologies for 

conducting such assessments, the production capacities and/or resource requirements that are 

exempted from environmental assessments and related matters of relevance, including for the 

introduction and use of ESSs in Namibia. These issues are further expanded upon in Annexure C: 

Environmental Aspects of Energy Storage Systems at the end of this Report.   

6.11 International Lessons Learnt and Best Practices using Energy Storage Systems 

There are numerous examples of international lessons learnt and best practices for the 

application and use of ESS, these are summarised in Annexure D: International Lessons Learnt, 

Best Practices and Energy Storage Systems.  

The assessment of international best practices provides ample evidence pointing to the 

importance of regulatory and licensing frameworks to facilitate the uptake and use of ESSs. They 

emphasise that clarity and transparency of process is necessary to enable market participants 

to thoroughly understand the frameworks under which ESS assets are to be operated.  

An important repercussion of having established the necessary legal and regulatory systems and 

frameworks is that these seem to contribute significantly to incentivising project development 

and securing the required funding for projects involving ESS. This aspect is an important co-

benefit of the drive to pro-actively develop the requisite legal and regulatory provisions and 

serves to underline the requirements that market operators have before they can invest with 

confidence. 

6.12 Intermittent Renewable Sources and Energy Storage Systems 

The integration of a significant share of variable renewables into the power grid necessitates a 

substantial transformation of most existing networks, especially to  

a) allow for a bi-directional flow of energy; that is top-down (from generators to users) and 

bottom-up (with end-users contributing the electricity supply) aimed at ensuring grid stability 

when installing distributed generation;  

b) establish efficient electricity-demand and grid management mechanisms, aimed at 

reducing peak loads, and improving grid flexibility, responsiveness, and security of supply to 

deal with increased systemic variability;  

c) improve the interconnection of grids at the regional, national, and international level, aimed 

at increasing grid balancing capabilities, reliability, and stability;  

d) introduce technologies and procedures to ensure proper grid operation stability and control 

(e.g. frequency, voltage, power balance) in the presence of a significant share of variable 

renewables; and  

e) use ESS capacity to store electricity from variable renewable sources when power supply 

exceeds demand, aimed at increasing system flexibility and security of supply. 
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ESS can therefore supress the ill effects associated with intermittent generation sources, thereby 

enhancing the integration of renewable energies while promoting the financial viability of 

distributed generation assets, as is further expanded upon in Annexure E: Grid Integration of 

Energy Storage Systems. 

6.13 Key Take-Away Messages on Energy Storage Systems in Namibia 

This section provides the key take-away messages of relevance to the adoption and use of 

energy storage systems in Namibia’s electricity supply industry: 

1. Namibia’s renewable energy resource endowments, specifically its solar and wind 

resources, can be further developed and unlocked when the electricity services from such 

intermittent sources are optimised by coupling them to RESSs;  

2. The rapid adoption of solar PV technology by Namibian commercial, industrial, and 

domestic end-users is considered to be a good indicator of what is likely to lie ahead in terms 

of the future uptake and use of RESSs in the country; 

3. Increasingly, cost-effective ESSs are expected to incentivise the uptake of intermittent 

renewable energy technologies, especially solar PV and wind; 

4. The rapid decline of costs associated with ESS and renewable energy technologies has a 

profound impact on non-renewable energy generation assets, including conventional fossil-

fuelled plant, as an increasing number of applications of ESS enable the reliable, clean, safe 

and viable supply of electricity in settings that could previously only be served by fossil-

fuelled power supplies;  

5. The roll-out of modern ESSs is expected to pave the way for large-scale off-grid 

electrification; 

6. The uptake and use of medium- and large-scale ESS applications are expected to be of 

particular interest to commercial, industrial and utility users, provided that Namibia’s legal 

and regulatory provisions enable the uptake of such technologies;     

7. In order to adequately prepare and enable the arrival of cost-competitive ESS in Namibia, 

current legal and regulatory provisions must be created; 

8. Cost-competitive ESS are expected to have a profound impact on the business models of 

the country’s electricity utilities as cost-effective storage technologies may enable grid 

defection of high-end clients in particular and thereby accelerate the reduction of grid-

supplied electrical energy; 

9. As yet, the Namibian market for ESSs is tiny and does not affect the operations of the 

country’s ESI – however, this is expected to change in future; 

10. A multitude of applications exist for the deployment of ESSs across Namibia’s ESI and these 

are expected to be of significant benefit to electricity end-users, IPPs, electricity utilities and 

operators of ESSs, provided that adequate and appropriate legal and regulatory provisions 

are in place that govern their uptake and use, as are elaborated in this Report. 
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7 Modified Single Buyer Market and Regulated Energy Storage Systems 

Over and above the other source documents used as part of the literature review undertaken 

as part of the compilation of this Report, the analysis presented in this section is based on the 

following resources that are of specific relevance to the Namibian Modified Single Buyer (MSB) 

market: 

1. MSB Detailed Market Design [23]; 

2. MSB Market Rules [24]; 

3. Namibia Balancing Framework [25]; and 

4. Namibia Wheeling Framework [26]. 

7.1 Key Requirements  

Namibia’s MSB Market is designed to govern grid-connected Eligible Sellers (ES) and 

Contestable Customers (CC). Eligible Sellers include Eligible Producers (i.e. entities that generate 

electricity), Traders and Importers. On the other hand, Contestable Customers include 

Contestable End Consumers, Distributors, Exporters and Traders.  

The MSB Market is based on rules, frameworks, tariffs, charges and balancing mechanisms that 

support bilateral transactions between the market participants identified above. 

7.2 Gap Analysis – Market Design 

In early 2021, the MSB Market does not explicitly nor directly address RESS and their role in 

Namibia’s electricity market. Given the definition of a RESS (refer to section 6.3), it is not 

immediately clear whether an RESS is an ES or CC (or both) in the context of the MSB. However, 

the MSB recognises that market participants will – in future – use storage technologies, including 

for the purposes described in section 6.8. 

Several aspects need to be considered to clarify how energy storage applications are to be 

treated as part of the design of the current MSB: 

1. The flexible nature of most of the energy storage applications can act as both a 

“generator” or a “customer”, and shift between these two roles (by changing their 

effective state of charge) in very short periods of time. This has implications for 

scheduling/charging and metering, which is currently undertaken on an hourly/half-

hourly basis, as well as the allocation of network and system charges, which differ 

between Eligible Sellers and Contestable Customers.  

2. Storage applications are sometimes seen as generating assets, even though they do not 

actually provide net-positive generation of electricity, i.e. they shift generation in time 

and by location. Although the literature review provides examples where storage 

applications are licensed as “generators” it is noted that the Namibia’s Electricity Bill 

foresees separate licensing of storage assets. Until the Bill is passed, the ECB can, where 

appropriate, extend existing licences, to incorporate RESS where appropriate. 

3. The size of storage assets: Namibian electricity regulation uses size (capacity) as a 

differentiator, e.g. only on-grid generators with a capacity ≥ 500kVA are licensed in 

Namibia. An alternative example is in the early phases of the roll-out of the MSB, CCs 

must be either connected to the country’s transmission system, or they must be 
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connected to distribution supplies with a capacity ≥ 1MVA. Similarly, the ECB will need 

to consider if there are sizing criteria to be considered when considering the regulation 

of storage assets.  

4. The location of future storage assets will also influence the types of services that can be 

offered as well as the allocation of network and system charges.  

5. Storage assets could be installed as a stand-alone asset, or be co-located in a grid-

connected generation facility, or be co-located with a grid-connected customer (as a 

“behind the meter” application). 

6. Due to the flexible nature, number of services and revenues that characterise storage 

applications, they are best classified according to their primary intended use, e.g. 

a. a storage asset co-located with a CC (behind the meter), is likely to be primarily 

intended to manage the demand and associated charges of the CC;  

b. a storage asset co-located with an ES, is likely to be primarily intended to balance 

and enhance the production of an ES; 

c. while the primary use of a storage asset co-located with both a CC and ES (e.g. 

with an embedded PV plant located on site of a CC) will be determined based 

on its position relative to the ES meter. In other words, if the asset is located before 

the ES meter to the CC, it will be seen as part of the ES, while if it is located after 

the ES meter to the CC, it will be seen as part of the CC. 

7. When a storage asset is a stand-alone application that is directly connected to either 

the transmission or distribution system it may be used for several purposes, including for 

example to manage network congestion as described in section 6.8. 

8. An emerging theme in the literature review is that storage regulations should be 

designed to enable storage assets to provide as many potential services as possible, i.e. 

to enable the “stacking” of services. Such service stacking creates multiple revenue 

streams for storage assets and therefore supports their financial viability. 

9. The MSB design does not limit NamPower’s ability (as TSO and MO) to purchase ancillary 

services from storage service providers, provided that such service providers are duly 

licensed.  

10. The MSB design does not limit grid utilities / licensees from purchasing services from 

storage assets, originating in behind-the-meter, customer-owned storage assets, 

provided that such services are authorised in terms of the prevailing legislation and 

regulation.  

7.3 Gap Analysis – Market Rules 

As per the MSB Market Rules in early 2021, the following aspects related to the use of energy 

storage applications need further clarification: 

1. Storage assets are not explicitly identified as market participants in the MSB’s market 

rules, refer to Section 5.3 of the MSB Market Rules, i.e. “Market Participants (MP) and 

Authorisations”. While storage does not have to be explicitly included as a MP (as CC or 

ES), further clarification may be required to ensure that their use is indeed allowed in the 

market, especially when installed as grid-connected assets. As storage assets may be 

separately licensed, this can readily be managed by adding them to the list of existing 

MPs. 
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2. A licensing regime does not exist for storage assets. It is noted that the MSB Market 

requires all market participants to be licensed or registered, as a qualifying requirement 

to trade in the MSB, refer to Section 5.4 of the MSB Market Rules, i.e. “Qualifying 

Requirements to Trade”. It is therefore anticipated that one of the outcomes of this study 

will include the licensing regime applicable to storage assets, which in turn will be 

included as a qualifying requirement to trade in the MSB. As is evident from the literature 

review, this is easiest to achieve by extending existing generation licenses. This will have 

to be harmonised with the requirement expressed in the new Electricity Bill, i.e. that the 

use of electricity storage applications requires separate licensing. 

3. A CC is to obtain a generation/storage licence prior to installing a behind-the-meter 

storage asset with a capacity ≥ 500kVA as discussed in section 11.1.2.  

4. An ES is to obtain a storage licence or an amended existing licence with specific storage 

conditions, prior to installing a behind-the-meter storage system with a capacity of  

≥ 500kVA, even if the ES has already been licensed.  

5. Storage assets have no bearing on the maximum quantity of electricity that a 

Contestable End Consumer or Contestable Distributor is allowed to purchase from an 

Eligible Seller, i.e. a CC’s contestable quantity.   

6. The MSB rules include bilateral nomination instructions for ESs that wish to submit a 

bilateral trading schedule to the Market Operator (MO). Excess energy produced by the 

ES and stored for later discharge must be reflected on the schedule in the hour in which 

the energy is intended to be discharged. Schedules must therefore reflect the energy 

produced and provided to the CC by both the generator as well as the storage asset, 

to ensure that CCs do not exceed their contestable quantity and that metering and 

reconciliations remain accurate. 

7.4 Gap Analysis – Balancing Framework 

In Namibia, the Systems Operations (SO) function in NamPower is to provide balancing services, 

which may be required as a result of unforeseen fluctuations by suppliers and/or consumers of 

electricity. The objective of the Balancing Framework is to recover the cost of providing 

balancing services from those parties that cause the need for such services to be provided, in 

accordance with the ‘user-pay’ principle. 

The Balancing Mechanism Rules describe how an ES deviating from its dispatch schedule will be 

automatically balanced by the SO, and how such entities are to be charged for such services. 

While the Balancing Framework does not specifically address the use of storage assets to 

balance themselves, this is also not precluded in the MSB.  

Using storage to “self-balance” remains outside of the remit of the Balancing Framework, which 

is primarily focused on managing ESs that are out of balance. In this regard, storage assets are 

likely to become widely adopted as a means for ESs to balance themselves, which is a 

development that the MSB Market supports. 

7.5 Gap Analysis – MSB Wheeling Framework 

Namibia’s MSB Wheeling Framework guides the transparent, fair and practical determination 

and implementation of wheeling services and their charges.  

The selling and buying of electricity, for example between ESs and CCs, is governed by 

commercial arrangements. In contrast, the actual flow of electricity across networks is 
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determined by the laws of electromagnetism. In order to ensure that financial settlements 

correspond to commercial arrangements, the Wheeling framework describes how meter 

readings are to be adjusted to reconcile physical flows with the underlying commercial realities.  

Table 5 summarises how charges are allocated to ESs and CCs. 

Table 5: Services and charges allocated to ESs and CCs  [21] 

= applicable () = applicable under certain conditions               Unbundled/new services & charges 

While the Wheeling Framework does not directly address the use of storage within the MSB, it is 

however possible to apply the guidelines elaborated in the framework to fairly allocate the 

charges and costs associated with the introduction and use of storage systems.  

Depending on their operation, storage assets can act as if they are ESs or CCs. However, it is 

noted that storage is not actually “generating” or “consuming” electrical energy but rather 

“enhancing” the generation and use of electricity by ESs or CCs. For example, an ES may 

produce electricity during the day and store the electricity in a storage application until selling 

it to a CC during a more valuable time period, e.g. the evening peak. In this case, as the storage 

asset is co-located behind the meter of the ES, it forms a part of the ES’s generation facility. 

Whether the metered energy is produced by the generator or the storage asset has no impact 

on the allocation of charges. This implies that ESs include their generation plus discharges from 

storage in their dispatch schedule to the SO. 

Eligible Producer
CC (non-

Exporter)
CC (Exporter)

Connection charges   

Energy charge  

Energy Rebate  

Energy Add-back  

Tx Average losses charge  

Reliability charge  

Use of System charges 

Service charges ()  

ECB Levy  

NEF Levy 

LRMC 

Tx Incremental losses  

Tx Network Export charge 

Tx Network Capacity Reserve charge ()

Balancing penalty charge 

Energy charge from EG / Trader  

Unbundled Service & Charges

Applicability

Unbundled NamPower Services & Charges
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Similarly, if a CC installs a storage asset, for example to shift demand to a different time, and the 

asset is co-located behind the CC’s meter, the meter has already captured any electricity used 

to charge the storage asset. As a result, there is no need to charge both the CC and the battery 

for consumption. Even though the storage asset may be licenced, it will not be required to 

contribute to any further charges over and above those already being paid by the CC.  

Some consideration must be given to stand-alone storage assets, i.e. those that are not co-

located with either a generator or a consumer. Table 5 shows that there are different allocations 

of charges for CCs and ESs and that stand-alone storage assets may seem to act like an ES or a 

CC at different times.  

It is proposed that stand-alone storage assets are treated as both CC and ES by the MSB in order 

to ensure alignment with the rules and to support simplicity from the perspective of the 

administration of the market. In this case, a storage asset will in certain time periods, “consume” 

electricity (charge themselves) and be treated as a CC. At other times, they can provide a 

variety of services to other market participants and act as a generator. This is the same use case 

as a customer who has a co-located storage asset and will be charged in the same way. Certain 

charges that are allocated to both CC and ES will not be double counted e.g. service charges 

or point-of-connection (POC) charges, but rather paid for once.  

7.6 Impact Analysis 

Adding storage applications to the MSB Market provides several potential benefits, including: 

a) For Contestable Customers: 

a. The addition of storage can allow for energy arbitrage, meeting capacity requirements, 

improving reliability, improving power quality and minimising certain charges that are 

associated with the use of the network. 

b. Adding storage to intermittent renewable energy generation facilities allows for the 

overall enhancement of the generation capacity, for example by storing excess 

production at some point in time and the subsequent dispatch at another time. 

c. Enhancing revenue by stacking multiple services provided by storage applications. 

b) For Eligible Sellers: 

a. As for CCs, ESs may use storage for energy arbitrage (time shifting). 

b. Storage may be used in order to self-balance and minimise balancing charges. 

c. ESs may enhance revenues by stacking multiple storage services. 

Although the MSB is primarily focused on promoting bilateral transactions between willing buyers 

and sellers in Namibia, the MSB Detailed Design Document foresees four types of products or 

services in the MSB in the future:  i) energy services, ii) capacity services, iii) ancillary services and 

iv) financial services. Storage applications can provide energy, capacity and ancillary services, 

and it is therefore expected that the MSB Rules will be reviewed to enable such services in the 

country’s electricity market. 

Certain CCs, i.e. Contestable Distributors (CD), may use storage assets to defer investments of 

network infrastructure. To illustrate, a CD may choose to locate a storage device in a congested 
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network area rather than instal new lines or increase transformer capacities. In such cases, the 

Regulator will work with the distributor to categorise the primary use of the storage asset, in order 

to determine how the costs of assets can best be recovered through appropriate tariffs and 

charges. 

7.7 Recommendations 

The following recommendations arise from the assessment of the MSB Market and its implications 

for the uptake and use of storage in Namibia: 

1) From the licensing perspective  

a) a storage licence aligned with the Electricity Bill is to be developed. 

b) the existing suite of licensing documentation must be expanded to include storage 

assets. 

c) by requiring that a storage asset co-located with an ES or CC, as well as a stand-alone 

storage asset, requires a storage licence (or be covered under another licence) for 

storage capacities ≥ 500kVA, irrespective of the use of such assets. 

2) From a Market Rules perspective 

a) Where the storage asset is co-located with a generator, the ES dispatch schedules to 

the SO are to account for the forecast net energy flows to the consumer – i.e. if the 

generator is producing while storing all the electricity, there is no net energy flow across 

their meter (and to the consumer) and therefore it looks as if the generator is not 

generating. In this instance, the generator will not submit a schedule to the SO. However, 

when the generator and/or the storage asset is supplying the CC, then those flows must 

be accounted for in the dispatch schedule. The SO will use these flows to determine any 

imbalances.  

b) Where the storage asset is co-located with the CC, the ES dispatch schedules are not 

impacted and the ES will simply forecast their production as is. 

3) From a Wheeling Framework perspective 

a) Storage assets co-located with CCs and ESs will not attract further charges, as costs are 

already being recovered from such entities. 

b) Stand-alone storage assets are to attract the same charges as both an ES and a CC, 

depending on their behaviour. Specifically, when they are charging, they will be viewed 

as a CC, and when they are discharging, they will be viewed as an ES.  

8 System Planning and Scoping of Regulated Energy Storage Systems 

8.1 Key Requirements  

Literature makes multiple references to the requirement for proper power system planning, 

including energy storage systems as are used in the electricity industry. The following select 

examples further illustrate this emphasis: 
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1. RINA: “ESS should be incorporated into the next revision of the NIRP to reflect the services 

and applications that ESS can provide within the power system, for example meeting 

peak demand with either stand-alone ESS or coupled with renewable plant to increase 

the dispatch-ability of renewables” [15]. 

2. RINA [15]also recommends that a system capacity expansion and optimisation 

approach is to be used to determine the value that ESS and technologies can add to 

the power system. The National Integrated Resource Plan (NIRP) entails a formal process 

that is well-suited to ensure that ESS and their services are optimally included in the 

national power system planning approach [15].  

3. IRENA recommends that the national power system capacities are to be optimised in 

order to ensure that ESSs add value to the system as a whole [20]. This emphasises the 

importance of ensuring that ESSs form an integral part of the instruments that are to be 

considered in a holistic national power planning approach (i.e. the NIRP).  

8.2 Gap Analysis  

8.2.1 The National Integrated Resource Plan (NIRP) 

Namibia’s NIRP captures the national planning process that determines the future needs of 

generation capacity to meet the country’s electricity demand. The NIRP is primarily focused on 

providing electricity services by way of the grid, and includes a high-level assessment of 

transmission system expansion requirements to deal with the forecast demand and the 

integration of proposed generation capacity. 

Namibia’s NIRP of 2016 is being updated at the time of writing this Report. The 2016 version did 

not consider ESS as potential components of the national power system. The current update is 

to include consideration of ESS, although the exact scope of such an inclusion is yet to be 

decided on. 

Under the Electricity Bill, the NIRP process is fully integrated into relevant legislation, and identifies 

the NIRP as a tool which the Minister of Mines and Energy is to use to set national generation 

planning targets. The updated NIRP, once adopted and approved, is therefore assumed to 

guide the Minister’s determinations in regard to future generation capacity additions. This implies 

that it is for the Minister to adjust the scope of the existing and established NIRP process so as to 

fully include RESSs and their multitude of applications as options alongside generation assets. 

As a strategic planning tool, the NIRP is the foundation of promoting and motivating the use of 

RESS in the country. As such, the NIRP should set the approach and identify the scope of 

application of RESS in the national power system, in conjunction and supporting the 

development of generation expansion plans and ensuring that grid demand can be met in 

future. This also implies that future NIRP updates are to fully include RESS requirements. 

8.2.2 National Procurement of New Generation and Regulated Energy Storage Systems 

Once the NIRP has been updated, including for the application of RESSs, the procurement of 

ESS at national level can be implemented. The Minister can issue directives (as has been done 

recently for generation projects) that guide NamPower / IPPs in the implementation of the NIRP.  

Under the Electricity Act, such directives are not legally binding, but with NamPower being 

owned by the Government, the utility is expected to comply. It is the Minister’s mandate to grant 
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licences, which also implies that it is for the Minister to enforce directives given by licensing only 

generation (and RESS) activities that comply with the NIRP or related planning documents. 

The Electricity Bill provides for ministerial determinations that “release” specific generation 

capacities to the market, in alignment to the NIRP. The Bill defines new generation capacity as 

“…any project aiming at the generation of electricity in addition to existing generation facilities, 

including ancillary services relating thereto, and includes an increase in the electricity 

generation capacity of existing generation facilities, as stated in the relevant licence”. While 

licences under the Bill are to be issued by the Regulator, the Regulator must comply with the 

Minister’s determinations in issuing such licences. While the Bill does not mention ESS, any ESS to 

be used in conjunction with a generation asset is to be fully included under these provisions. 

The Bill does not address stand-alone RESS which are to be created under a ministerial 

determination. However, the Regulator is expected to take licencing decisions in compliance 

with the provisions of the NIRP, including those applicable to RESS. 

8.2.3 Licensee Master (or Resource) Plans 

Most grid licensees develop their own master / resource plans despite the presence of the NIRP. 

This approach includes local and regional level distribution grid planning which is mostly not 

captured under the NIRP. Such licensee master planning must consider the strategic guide 

provided by the NIRP and the local/regional implications of relevance in a specific licence area. 

Presently, individual licensee master / resource plans are submitted to the ECB as part of the 

compliance activities under a given distribution licence. However, in most cases the ECB does 

not systematically scrutinise such plans and does not systematically assess and approve major 

investments planned by licensees prior to such investments being undertaken. This is problematic 

as licence conditions require that each licensee submits all major asset investment proposals to 

the ECB, which is to ensure that network expansions are aligned with national ambitions and 

requirements. It is within the ECB’s powers to enforce all licence conditions, including those 

associated with major capital investments put forward by licensees. This is to also ensure that it 

can be fairly and transparently assessed that a network expansion is approved and whether a 

licence amendment is required for major infrastructure investments. This is emphasised in the 

“new” licence conditions that stipulate that a licensee must use proven technology that 

enhances its overall efficiency and reduces costs in the long run, which relates to the 

introduction of RESSs in the Namibian ESI over time. 

It is for the ECB to implement the existing regulatory provisions as provided for under the Act and 

included as part of a licensee’s licence conditions. This includes existing tariff methodologies, 

which make provision for the addition of any relevant assets into the regulated asset base, 

thereby also reflecting the revenues that could potentially be generated by providing services 

using RESSs. 

8.2.4 Procurement of RESS by Licensees 

Procurement processes by licensees are neither generally nor routinely scrutinised by the ECB. 

The ECB can, however, as part of its review of major investment decisions under a licensee’s 

licence conditions, include the review of the proposed procurement of RESSs to ensure that an 

effective and competitive procurement process is used. In this context it is important to note 

that under the Public Procurement Act, 15 of 2015, all local authorities, regional councils and 
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public enterprises are subject to that Act, however, excluding the REDs which are not yet 

officially listed as public enterprises. 

The ECB further has the power to review the value of any asset that is proposed to be added to 

the regulated asset base and determine the conditions under which an asset may qualify to 

earn depreciation and a return. This determination is undertaken in compliance with the ECB’s 

tariff methodologies. These methodologies may need minor adjustments to allow the ECB to not 

merely allow or disallow depreciation and return on assets based on how they are funded, but 

also take the economic efficiency of the procurement process and its resultant costs into 

account (as could be assessed through benchmarking, where suitable data is available). 

8.3 Recommendations 

The following recommendations are derived from the above review: 

a) The NIRP process is to include RESS options to optimise existing and new generation 

assets, including stand-alone options to meet the forecasted national demand and 

contribute to the optimisation of the national grid and its services.  

b) The ministerial determinations for the release of additional generation capacity as 

foreshadowed under the Bill and as will be based on the NIRP, are to include 

specifications that enable the use of RESSs. In so far as the ministerial determinations 

provided for in the Bill apply to limited new generation capacity, the determinations can 

be augmented by means of regulatory rules as authorised under the Bill. 

c) Master / resource planning undertaken by licensees are to include consideration of RESSs 

as alternative and to complement major grid upgrades and investments in grid 

infrastructure, which are to be scrutinised by the Regulator prior to their commissioning. 

d) The existing tariff methodology requires minor adjustments to ensure that the Regulator 

can effectively determine the eligibility of specific assets for inclusion in the rate base, 

guided by improving the overall efficiency of the procurement process and the ongoing 

benchmarking of costs, so as to ensure that tariffs are not only based on how a specific 

asset has been funded. 
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9 Proposed Classification of Regulated Energy Storage Systems 

9.1 Introduction 

The preceding sections elaborated on the various characteristics of RESS, their potential uses, 

connection options and services, as well as scoping, planning and procurement requirements. 

Evidently, a large number of issues are to be considered, which is often made easier by creating 

a suitable classification scheme. The proposed classification of RESSs introduced in section 9.2 

consolidates the many aspects associated with these systems and focuses on the key legal and 

regulatory requirements that RESSs have prior to their large-scale uptake and use in Namibia. 

9.2 Classification of Regulated Energy Storage Systems  

This section presents a proposed classification model that identifies the RESS categories and use 

cases to guide the development of practical regulatory considerations for such systems in 

Namibia. Figure 5 illustrates the proposed classification framework for RESS in Namibia. 

Figure 5: Proposed Classification Model for RESS in Namibia  [6] 

9.3 RESS Classification Categories 

The proposed classification system depicted in Figure 5 has four main categories. Each of these 

categories are based on a combination of primary use case and connection/location, i.e. 

I. RESS used with a licenced generator, connected to the national grid, with the primary 

use to optimise the generation activity (including licenced generators sited with a 

customer, as envisaged in the MSB framework); 

II. RESS used by a customer connected to the national grid, with the primary use to optimise 

the customer’s grid power purchases or quality of supply and/or to optimise a net 

metered customer’s self-generation activity (excluding licensed customer generating 

activities, but including unlicensed customer generating activities); 

III. Stand-alone RESS (IIIa) connected to the national grid, i.e. not used primarily with a 

generation activity but instead used by a grid licensee to optimise the grid or the system 

operator to procure ancillary services. This category includes system services provided 

by aggregated customer-located or other storage (IIIb). 

IV. RESS used in applications not connected to a transmission/distribution grid, as for 

example in the case of mini-grids, micro-grids or stand-alone off-grid systems. 

Use case categories I, II and III as identified in Figure 5 provide system services. For categories I 

and II, additional system services are likely to be provided in addition to their primary use. For 

category III, system services will likely be the primary use only, depending on who the user is and 

what the RESS is used for. For category IV, integration of the RESS into the electricity supply system 

implies that such energy storage systems are only used to provide those system services that 

may be needed in such applications without these providing services to the grid. 
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10 Namibia’s Legal Framework and Regulated Energy Storage Systems 

10.1 Key Requirements  

10.1.1 A Legal Framework1 for Regulated Energy Storage Systems 

There are significant barriers to realising the benefits of RESSs, which include inadequate 

statutory and regulatory support. As Energies reports: “Whilst many countries have supported 

energy storage through demonstration projects, very few have implemented the policy and 

regulatory changes required to facilitate market growth and development” [33].  This holds 

especially true for Southern Africa where most countries have not yet addressed ESSs directly 

but expressed a desire to regulate them, as is also emphasised by RINA [18]. 

Arguments in favour of well-developed and structured policies and regulatory frameworks for 

RESSs are compelling. Notwithstanding, the initiation thereof is often difficult and time-

consuming especially since, in the case of RESSs, it involves rapid advancements in technology.  

Literature emphasises the point that there is still much uncertainty as regards optimal market 

design and regulation to allow RESSs to be adequately developed and contribute to increase 

the flexibility and enhance the uptake and use of RESSs [34]. 

The following characteristics are advised for a robust RESS regulatory framework: 

 simplicity 

 a light-handed regulatory approach 

 consistency in the regulatory approach 

 encouragement of RESSs and promotion of their deployment by means of various 

incentives 

 regulatory certainty 

 ensuring a level playing field so that RESSs can compete fairly with other sources 

 flexibility (especially in view of evolving ESS technologies) 

 allowing for innovation 

 protection of consumer interest 

 removal of regulatory barriers (especially as regards behind-the-meter applications) 

 establishment of appropriate standards and technical guidelines 

 not unnecessarily burden the regulator’s capacity 

Literature includes various suggestions on the need for a suitable legal framework for ESS, for 

example: 

1 The analysis and review undertaken in sections 10 and 11 are done in a forward-looking manner, assuming 

the promulgation of the Electricity Bill during the course of 2021. As necessary, references have been made 

to the Electricity Act, 2007, noting however that this Act does not accommodate the licensing and 

regulation of energy storage systems and will, in any event, be replaced once the Bill is promulgated. 
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1. Bocconi: ”To motivate the framework proposed to identify the problem and hence the 

appropriate solution, it is useful to consider that, when building network capacity, the 

main tool to coordinate incentives among all parties involved is the long-term contract.” 

... “The simplest case to organize the investment is to let players located at different 

points in the network to negotiate their contracts with network owners.” However, 

Bocconi expresses concern with the dominant position of the transporter especially if the 

latter has vested interest in generation.  “A relatively direct solution would be to regulate 

the profits that the transporter is allowed to make in the contracts signed with network 

users.” ... “However, path-based contracts are not technically possible in many power 

networks.  Hence, the solution must consist in regulating the entire network, including 

how much network users pay.”  [34]. 

2. USAID: “Licensing is generally done for one (or both) of two reasons: a) there is not 

enough competition in an essential industry to allow the market to set prices, leaving 

customers open to higher prices; b) there are special skills that are required to perform a 

certain job such that it is in the public interest to ensure that those performing that job 

have the requisite skills.”  [18]. 

3. RINA: “Providing a distinct definition for energy storage, i.e. not mandating these assets 

to operate under existing generator and demand orientated frameworks which currently 

exist, will provide clarity on the technical, commercial and regulatory requirements of 

new assets developed. This permits a framework to be implemented which can be 

applied to current or future storage activities and is considered consistent with a future 

in which there is greater deployment of storage on the system.”  [15]. 

4. RINA: “The Electricity Act also provides exceptions to licence requirements for generation 

(or distribution for own consumption) of less than 500kVA. It is considered suitable to 

maintain this threshold and allow licensing exemptions for ESS which have a rated 

capacity of less than 500kVA, which will provide clarity for the behind the meter energy 

storage market. The 500KVA limit should be revised if the adoption rate becomes 

significant with time, since the aim is to incentivise adoption of both distributed 

generation and increased self-consumption rates, without providing a mechanism for 

subverting regulatory requirements.”  [15]. 

5. RINA: “We would recommend that procedures should be developed to permit the 

Environment Minister with a suitable understanding of ESS technology and to provide 

suitable scope and methodologies that ensure environmental best practice while not 

requiring unnecessary studies. Without a clear regulatory framework and guidelines, 

delays in development may arise due to concerns of environmental impacts, which 

could be prohibitive to the development of ESS.”  [15]. 

6. RINA: “Additional requirements are increasingly being adopted in Australia where, as 

part of government storage tenders for large scale ESS, applicants are required to 

provide detailed end-of-life plans for each potential waste stream as part of the tender 

award process. RINA consider that this is an appropriate element to include in any 

Government back tender process and would recommend the ECB adopt this approach. 

It should be noted that the lifetime costs and responsibilities will be a material factor in 

any investment decision for ESS projects, the regulations put in place will inform how 

these costs may be structured. We note that environmental obligations would not 

prevent a battery producer from entering into a financial arrangement in order to cover 

or pass through the costs of the collection, treatment and recycling of waste batteries. 

The existing regulatory framework does not contain measures for ESS projects; it is 
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recommended that the relevant content for inclusion of ESS within the framework is 

developed, considering the recommendations made in this report, in the short term to 

facilitate ESS deployment.”  [15]. 

7. USAID: “Based on there being a broad consensus that BSPs should be licensed, 

Conditions for BSP licensing should be drafted.”  [18]. 

8. USAID: “In summary, the Act and Conditions in Namibian Law give the ECB the option 

when an existing licensee makes modifications that cause Condition A 14.7 to be 

invoked to use a light-handed approach – written approval, presumably based on a 

written communication from the licensee – or a more formal process of licence 

modification.”  [18]. 

9. USAID  [18] and Ofgem  [52] indicate that several countries are integrating the licencing 

of storage with generation licences (in the absence of legal provisions for direct licensing 

of storage), although this results in compromises when the storage system is not used with 

a generation activity. 

The following key lessons are deduced from the literature: 

1. With some utilities playing a dominant role in the electricity industry, prevailing 

monopolies and thus insufficient competition, a contract-based approach is not always 

feasible. Similar to the current approach with regard to the other regulated activities 

(such as generation, transmission and distribution), storage should preferably be 

regulated as regards licensing, charging, environmental compliance, standards and 

suchlike. 

2. It is considered a useful requirement that storage is adequately defined in electricity 

legislation to avoid having to be accommodated under non-specific definitions. 

3. The definition of RESS should aim to be maximally technology agnostic, and align with 

internationally used definitions unless local circumstances indicate otherwise. 

4. Storage assets can be included under another licence type where sensible unless a clear 

need for separate licensing is identified. It is therefore considered useful to make use of 

exemptions rather than include storage under, for example, a generation licence, 

depending on the specific application under consideration. 

5. The 500kVA threshold used in existing legislation for defining licensing exemptions should 

be considered for application to storage licensing as well, where deemed useful. 

6. Interaction with the Minister of the Ministry of Environment, Forestry and Tourism is 

considered important to ensure that a common and pragmatic understanding of 

storage vis-à-vis EIAs and ECCs is created and unnecessary barriers are avoided where 

possible. 

7. Suitable licence conditions for storage are to be developed as required. 

8. Tendering (and licence conditions) for storage should include explicit end-of-life plans 

and provisions to ensure proper disposal of storage equipment in an environmentally 

acceptable manner. 
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10.2 Gap Analysis  

10.2.1 The 2007 Electricity Act 

The 2007 Electricity Act (the currently applicable legislation) does not include a definition for 

storage and does not provide for the licensing or regulation of storage as a separate activity 

category [1]. 

The Act defines generation as “the production of electricity by way of natural or artificial 

processes.” This is a wide definition that would likely allow for the regulation of any ESS 

application that forms part of a generation activity. It would also allow for the regulation of 

stand-alone energy storage (outside the context of a “traditional” generator) that uses 

“traditional” generation technology to re-convert storage energy to electricity, such as pumped 

storage. The use of storage with a licenced generator may require customised licence 

conditions. 

The definitions of distribution and transmission both refer to the use of a “system” to conduct the 

activity. This “system” is not defined further besides qualifying voltage levels that differentiate 

transmission and distribution systems. A reasonable interpretation of this “system” would cater 

for the inclusion of electricity storage that is part of such a “system” and is used by the owner of 

the “system”. The use of storage with a licenced transmission or distribution activity is unlikely to 

require customised licence conditions. It may need some additional regulation of the asset 

base, i.e. how the storage asset is treated as part of the revenue requirement of the licensee. 

Stand-alone electricity storage that does not use a re-conversion technology that can 

reasonably be interpreted as a generation technology (such as a battery or super-capacitor) 

and that is not owned and used by a generation, distribution, or transmission licensee in the 

normal undertaking of its licenced activity would be difficult to regulate under the Act. However, 

in view of the imminent replacement of the 2007-Act, this Review focuses on the Electricity Bill, 

as discussed in the next subsection. 

10.2.2 The Electricity Bill 

Namibia’s Draft Electricity Bill lists storage of electricity as a separate activity with regard to which 

a licence is required [2]. The Bill further states that a separate licence is required for each of the 

activities listed. It would therefore not be possible to deal with storage, like in the United 

Kingdom, as part of, or as a generation activity. 

Due to uncertainties as regards a future dispensation for storage at the time the Electricity Bill 

was drafted, the detailed regulation of storage, including its definition, was deferred to 

regulations to be promulgated under the Bill once it has been promulgated.  

The Bill authorises the Regulator to make rules as regards: 

 the requirements applicable to the storage of electricity; 

 general conditions that apply in addition to the specific conditions as may be contained 

in a dedicated storage licence; 

 exemptions from the requirement to hold a storage licence; 

 any other matter deemed necessary or expedient to achieve or promote the storage of 

electricity. 
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The Electricity Bill continues to allow for exemptions for generation and distribution to more or 

less the same extent as the 2007-Act (underlying a 500kVA limit approach to granting pre-

defined exemptions from licensing for certain cases). However, the exemption in this separate 

section is not required since the previous section (discussed above) already specifically 

authorises storage exemptions. 

As will be discussed in more detail in the next section of this Review, the Electricity Bill is deemed 

to contain sufficient and flexible provisions and authorisations to enable the regulation of 

storage within a selected regulatory framework.  However, this will necessitate putting in place 

subordinate legislation and enforceable instruments such as licence conditions and undertaking 

a review of existing subordinate instruments. It is foreseen that the introduction of a regulatory 

regime for storage will necessitate newly drafted specific rules on storage, amendments to 

existing rules and the development of storage licence conditions. 

10.3 Recommendations 

The to-be-developed RESS regulations, rules and amending rules 

a) should ensure that they fulfil and fit the requirements of the Electricity Bill. While this has 

the disadvantage that they cannot be promulgated or fully commenced immediately, 

the advantage is that this will enable the detailed and specific regulation of storage; 

b) should provide for appropriate exemptions with relevant procedures where a dedicated 

storage licence is not justified or practicable; 

c) should define appropriate licensing conditions for storage. 
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11 Namibia’s Regulations and Regulated Energy Storage Systems 

11.1 Key Requirements  

11.1.1 Regulatory Control of Energy Storage Systems 

The following key finding and recommendations have been identified in the reference literature: 

1. RINA indicates that technology agnostic regulations and procurement has resulted in 

more competition and better storage prices internationally  [15]. 

2. Bocconi: “The second kind of regulatory challenge has to do with the regulation of 

energy networks because storage services may avoid the use of regulated “networks.  

Consequently, network rules should allow them to compete in a technologically neutral 

manner (e.g. utility-scale storage vs. transmission upgrades).”  [34]. 

3. RINA: “If the Namibian regulator is interested in fostering a market environment that 

encourages residential and commercial and industrial scale distributed generation 

capacity, it is recommended that regulations and tariffs should be designed to minimise 

penalties applied to consumers for contributing to solving network issues.”  [15]. 

4. RINA: “…we recommend tendering for peaking services and other ESS services to 

incentivise the market in performing techno-economic studies for each available 

technology, based on cost and environmental impact.”  [15]. 

5. RINA: “Energy storage is not explicitly mentioned in the Net Metering Rules, and therefore 

it is unclear whether the rules will still apply to ESS system owners. The Net Metering Rules 

have not been designed with ESS in mind, it is recommended that the ECB considers 

policy related to PV+ESS systems combined with net metering, such that the eligibility 

and particular requirements are clarified, including aspects such as capacity limits and 

whether the ESS can import from, and export to the distribution grid.”  [15]. 

6. RINA: “It is recommended that the ECB issue a clarification note to the industry, stating 

that the use of ESS as a standalone system for time of use cost management, PV self-

consumption and back-up power supplies within ... the current regulatory framework. 

Where PV+ESS system is used to export to the grid, these systems may conflict with the 

net metering rules which will require review and clarification as noted above.”  [15]. 

7. RINA: “RINA recommends that a services valuation method for ESS services is used to 

provide a clear technology agnostic market that Namibia can use to incentivise multiple 

private parties and develop a willingness-to-pay model.”  [15]. 

8. RINA: “RINA recommend that the services required and the preferred methods of 

interconnection for ESS are defined for Namibia and subsequently the technical 

requirements for such services shall be defined...”  [15]. 

9. RINA: “In our experience, the lack of a clear definition for ESS has been a cause of 

concern for a number of investors in developed markets and resulted in uncertainty 

around their long-term treatment and regulatory compliance.  In order to enable ESS to 

operate in line with their technical capabilities, and to permit a more technology 

agnostic approach to operating energy networks, it is recommended that a clear 

energy storage definition is included in the legislative framework.”  [18]. 
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10. IRENA: “The role of aggregators and the value they can provide to BTM storage should 

be noted. Aggregators are new market participants that operate a virtual power plant, 

which is an aggregation of dispersed distributed energy resources with the aim of 

enabling these small energy sources to provide services to the grid.” [20]. 

11. CPUC: “… require utilities to incorporate ESS in their integrated resource planning 

processes …”  [21]. 

12. USAID: “Under the ECB staff interpretation of the Electricity Act and the Conditions 

adopted pursuant to the Act, the ECB is required to approve additions such as batteries 

to a licensee ’s plant either through written approval to the licensee or via a licence 

amendment (in response to an application from the licensee).”  [18]. 

The following key lessons are deduced from the above and other references: 

a) Regulation should be technology agnostic as far as reasonably possible to a) open the 

competitive playing field to as many technologies as possible and b) future-proof the 

regulations for new technologies that may emerge. 

b) The use of BTM RESS should be enabled and their use for system benefit should be 

facilitated and encouraged by 

i. Enabling aggregation, 

ii. Amending the net metering rules to include RESS, where applicable, 

iii. Reviewing the consumer-facing tariff methodology to ensure that a) network 

costs are fairly recovered from all network users and b) consumer tariffs do not 

penalise RESS owners and c) consumer tariffs provide correct economic signals 

to end users, specifically those with RESS (i.e. time-of-use energy rates should be 

considered for all consumers with RESS). 

c) The need for a clear definition of regulated energy storage systems, 

d) The procurement processes for RESS should be competitive, 

e) RESS should be regulated primarily using a service valuation method (as opposed to a 

“cost plus” method), allowing RESS to stack services to make them viable, 

f) System expansion planning (at generation, transmission and distribution levels) should be 

required to include RESS options as alternatives to traditional solutions. This applies to 

national planning (NIRP) as well as utility planning. These processes should be grounded 

by identifying services required for stable system operation, and valuation of such 

services. 

11.1.2 Licensing of Storage 

Several sources indicate that international practice uses two main approaches in regard to 

licensing storage:  

1. Storage can be licenced using an existing generation licence system, with appropriate 

modifications, and/or 

2. Storage can be accorded its own licence regime. 
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Onerous licensing requirements should be avoided where possible, i.e. depending on the use 

and ownership configuration, it is preferable to develop a well-thought through exemption 

regime (especially for existing licensees) instead of requiring an additional licence for storage if 

such storage is used as an integral part of an activity that is already licensed. If storage cannot 

effectively or efficiently be regulated in conjunction with an existing licence (linked with an 

exemption from licensing), only then should a storage licence be required.  Application 

procedures (including advertising, objections and fees) for storage licences should align with 

the procedures for existing licences (thus entailing amendments to the Electricity Administrative 

Regulations). 

Aggregation should be enabled to facilitate the use of smaller, usually consumer installed RESS. 

Depending on who the aggregator is and whether that entity is already licenced for another 

activity, the regulator should consider whether an additional licence is required for the storage 

(aggregation) activity is required. 

11.1.3 Amendments to Existing Licences and Other Instruments 

Where storage is to be exempted as it is being undertaken in conjunction with another (existing) 

licence type, the licence conditions must be examined to ascertain whether the storage asset 

and its uses require any changes to the licence conditions. A clear indicator for amending 

licence conditions is the case where specific licence parameters are materially altered by the 

introduction of storage. An example for this is the addition of storage to a generation plant 

which increases the total installed output capacity of the generator where this output capacity 

is explicitly stated in the generation licence conditions. 

The Electricity Bill provides for two mechanisms whereby licence conditions can be amended: 

a) where the Regulator, out of own accord, deems it is in the interest of the public and 

the electricity industry 2; 

b) where the licensee applies to the Regulator for an amendment to its licence. 

Note that under the subsection “Gap Analysis” in this section, refer to section 11.2, amendments 

to other instruments and gaps are discussed in further detail. 

Grid connection agreements and/or grid power supply agreements must be examined for the 

need to be modified where any grid user installs storage. An example where the grid connection 

conditions will need updating is where storage increases the net output capacity of a generator, 

or where storage leads to a customer to reduce the notified maximum demand capacity, or 

where a generator wants to increase its incoming grid capacity to enable storage charging 

from the grid. 

2 The Regulator is required to inform the licensee, consider the cost for the licensee and the benefits and 

disadvantages and afford the licensee the opportunity to make representations. 
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11.1.4 Cost Regulation 

This sub-section refers to cost regulation only, noting that regulatory aspects related to pricing 

and tariff matters are described in section12. 

11.2 Gap Analysis 

11.2.1 The Electricity Bill and Regulations and Rules Made under the Electricity Act 

As noted in section 10, the currently active legal framework does not identify storage as a 

separate activity and does therefore not authorise the direct regulation of storage. As previously 

stated, this Review is forward-looking and based on the Electricity Bill as the enabling statute. 

The Electricity Bill includes storage as a separate regulated activity. Under the Electricity Bill it is 

possible to fully define rules and other requirements for storage, including effecting amendments 

to instruments which already regulate aspects of storage or aspects related to storage (for 

example the Net Metering Rules). Rules and regulations already in effect under the current 

Electricity Act will continue to have effect under the Bill provided the Bill has similar enabling 

provisions as the Electricity Act 3. 

Apart from the Bill, an analysis and review are undertaken below with regard to existing (or non-

existing) regulatory instruments (i.e. rules, regulations, licence conditions, etc).  Although careful 

consideration must be given to contents of new instruments vis-à-vis amendments to existing 

ones, it is surmised that the following main categories of regulatory instruments will be available 

to form the regulatory framework for storage: 

a) The Electricity Bill. 

b) A single substantive set of Rules for RESSs. 

c) Storage licence conditions. 

d) Incorporation of standards in existing instruments and/or the issue of new standards for 

storage under the Electricity Bill, for example through the codes or RESS rules or as substantive 

standards on their own by notice in the Gazette. 

e) Amendments and/or additions to existing subordinate legislation and other applicable 

instruments (rules, regulations, codes, guidelines tariff instruments). 

11.2.2 RESS Rules 

It is anticipated that the RESS Rules would consist of three main categories, namely 

a) general rules applicable to all RESS operators/owners; 

b) rules only applicable to storage licensees; and 

3 Although it is anticipated that the Namibia Energy Regulatory Authority Bill and the Electricity Bill would 

be tabled at Parliament during the course of 2021, the timing of their simultaneous promulgation cannot 

be predicted. An alternative therefore would be to effect amendments to the existing Electricity Act, by 

means of a concise amendment bill, in order to allow for undertakings involving energy storage systems 

(as a new licensee category) and the licensing and regulation thereof. 
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c) rules only applicable to unlicensed storage. 

Typical matters foreseen to be contained in the RESS Rules are 4: 

a) appropriate definitions as summarised (in the form of examples) in Table 6 

b) environmental requirements including dealing with hazardous substances and waste 

management 5

c) procurement requirements/obligations 

d) a requirement for licensees to include storage in their planning processes which can also 

include rules on the requirements for licensees to have certain assets included in their 

regulated asset base (to earn depreciation and a return). By including these requirements 

in the rules, it may be possible to reduce the need for material changes to tariff 

methodologies; 

e) applicable obligations, rights and prohibitions. 

Table 6 provides example definitions of storage. 

Table 6: Examples of Storage Definitions 

Source Definition 

California Assembly Bill, 

2514   [35] 

For purposes of this chapter, the following terms have the following 
meanings: 

(a) (1) “Energy storage system” means commercially available technology 
that is capable of absorbing energy, storing it for a period of time, and 
thereafter dispatching the energy. An “energy storage system” may have 
any of the characteristics in paragraph (2), shall accomplish one of the 
purposes in paragraph (3), and shall meet at least one of the characteristics 
in paragraph (4). 

(2) An “energy storage system” may have any of the following 
characteristics: 

(A) Be either centralized or distributed. 

(B) Be either owned by a load-serving entity or local publicly owned electric 
utility, a customer of a load-serving entity or local publicly owned electric 
utility, or a third party, or is jointly owned by two or more of the above. 

4 A number of the topics listed here can also be addressed in, for example, licence conditions in so far as 

they are only to be applicable to licensed storage. This implies that final decisions will have to be made 

during the development of the actual storage instruments, including on the most appropriate place for 

the regulations of the different aspects pertaining to storage. 

5 In line with the principles of simplicity, flexibility and a light-handed approach, in the event where existing 

legislation sufficiently enables the regulation of such matters, they can be achieved under existing 

legislation.  For example, EIA, ECC and general environmental obligations are already sufficient provided 

under the Electricity Bill, the Environmental Management Act and licence conditions. 
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Source Definition 

(3) An “energy storage system” shall be cost effective and either reduce 
emissions of greenhouse gases, reduce demand for peak electrical 
generation, defer or substitute for an investment in generation, transmission, 
or distribution assets, or improve the reliable operation of the electrical 
transmission or distribution grid. 

(4) An “energy storage system” shall do one or more of the following: 

(A) Use mechanical, chemical, or thermal processes to store energy that was 
generated at one time for use at a later time. 

(B) Store thermal energy for direct use for heating or cooling at a later time 
in a manner that avoids the need to use electricity at that later time. 

(C) Use mechanical, chemical, or thermal processes to store energy 
generated from renewable resources for use at a later time. 

(D) Use mechanical, chemical, or thermal processes to store energy 
generated from mechanical processes that would otherwise be wasted for 
delivery at a later time.

Electricity Storage 

Network [36]   

The Electricity Storage Network puts forward the following definitions: 

- Electricity Storage in the electricity system is the conversion of electrical 
energy into a form of energy which can be stored, the storing of that 
energy, and the subsequent reconversion of that energy back into 
electrical energy.  

- Electricity Storage Facility in the electricity system means a facility where 
Electricity Storage occurs.  

11.2.3 Electricity Administrative Regulations, 2011 

Amendments to the Electricity Administrative Regulations are necessary in order to add storage 

applications and licensing to the list licensed activities, including the applicable licence fees. 

11.2.4 Net Metering Rules 

To fully enable BTM RESS applications it will be necessary to review and update the Net Metering 

Rules. Some additional adjustments may also need to be made outside the Net Metering Rules, 

including to the distribution tariff methodology, to deal with fair pricing and network cost 

recovery for net metered customers with storage. 

Storage that can only be charged from the customer’s own generation source can be 

accommodated in the present Net Metering Rules. Net metered installations that include 

storage that can be charged from the grid require further consideration as the present Rules do 

not adequately cater for this scenario in terms of pricing that the licensee may apply to such a 

customer, as well as connection size limitations that are tied to the generation capacity installed 

which limit the customer’s grid cost saving potential. 
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11.2.5 Economic and Technical Rules 

The Economic and Technical Rules do not include storage within the ambit of a “licensed 

undertaking”. Minor adjustments are considered necessary to update the provisions 

appropriately for storage licensees but no major amendments to these Rules are anticipated. 

11.2.6 Licence Conditions 

The Regulator recently revised its licence conditions, and it appears that, until the old licences 

are phased out, the latter and the revised licence conditions will run parallel.  Although there 

are many synergies between the old and the new conditions, the table below contains a 

summary and comparison of conditions relevant to storage licences 6. 

Table 7 provides a comparison and review of relevant licence conditions. 

Table 7: Licence Conditions 

Old Licence Conditions New Licence Conditions 

Number Nature of Condition Number Nature of Condition 

4.4 

Operation, maintenance and installation of 

the generation infrastructure including any 

alterations or extensions thereto shall only be 

done by registered contractors or qualified 

and certified personnel, registered and 

certified with the appropriate statutory 

authority, with due compliance with the 

provisions and requirements of the Grid Code, 

other laws, regulations, rules and standards 

applicable to the Licensee: Provided that in 

the event of there being no such 

requirements from an applicable statutory 

body, the Licensee must ensure that such 

personnel are suitably qualified. 

A15.5 

Operation, maintenance and installation of 
the Facility including any alterations or 
extensions thereto shall only be done by 
registered contractors or qualified and 
certified personnel, registered and certified 
with the appropriate statutory authority, with 
due compliance with the provisions and 
requirements of the codes, regulations, rules, 
standards and other laws applicable to the 
Licensee: Provided that in the event of there 
being no such requirements from an 
applicable statutory body, the Licensee must 
ensure that such personnel are suitably 
qualified. 

4.6 

The Licensee shall apply new proven 

technology in the Licensee’s generation 

operations with the view to increasing 

efficiency and reducing costs in the long run. 

A15.6 – 
A15.7 

The Licensee shall strive to apply new proven 
technology in executing the Licenced 
Activities to meet the Technical and 
Performance Parameters with the view to 
increase efficiency and reduce costs in the 
long run. 

The Licensee shall not alter the Technical and 
Performance Parameters of the Facility, nor 
extend or upgrade the Facility, or any part 
thereof, without the prior written approval of 
the Regulator or amendment of the Licence 
in accordance with the Act. 

6 The Regulator determines the licence application forms and the latter may need some minor adjustments 

to require applicants to indicate whether they will be installing RESSs as part of their infrastructure and plant. 
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Old Licence Conditions New Licence Conditions 

Number Nature of Condition Number Nature of Condition 

4.10.5 

Where required, environmental impact 

assessment studies shall be conducted to the 

satisfaction of the Ministry responsible for 

Environment and/or other authority/ies 

involved and that the intended generation 

plant and activities be approved by that 

Ministry and/or other authority/ies. 

17.3 

Where required that an environmental impact 
assessment studies be conducted, an 
electronic copy of the complete study, the 
approved Environmental Management Plan 
and the Environmental Clearance Certificate 
(ECC), issued by the Ministry of Environment 
and Tourism, must be supplied to the 
Regulator within thirty (30) days of receipt of 
such approvals. The Licensee shall submit any 
subsequent renewals of the ECC upon 
issuance. 

4.10.9 

The Licensee must comply with the ECB’s 

reasonable directives issued to it under the 

Electricity Act and/or in where the ECB 

considers such directive to be in the public 

interest and necessary for the sake of the 

rational organisation of the provision of 

electricity. 

A1.2 

The Licensee must comply with the 
Regulator’s reasonable directives issued to 
it under the Act and/or in where the 
Regulator considers such directive to be in 
the public interest and necessary for the 
sake of the rational organisation of the 
provision of electricity.  

13 

Any decommissioning of the Licensee’s plant 

or part thereof shall be in accordance with 

the provisions of other applicable laws, 

particularly those related to health, safety 

and the environment. 

A18.1 – 
A18.3 

The Licensee shall decommission the 
Licensee’s Facility in accordance with the 
provisions the Licensee’s Environmental 
Management Plan as approved by the 
relevant Ministry, as per the requirement of 
the Namibian Environmental Management 
Act.  

The Licensee shall notify and submit the 
Licensee’s decommissioning plans to the 
Regulator for approval at least two (2) years 
before commencement of decommissioning. 
These plans shall include the detailed 
decommissioning activities, cost of 
decommissioning and evidence that the 
Licensee has sufficient funds for the execution 
of the decommissioning activities.  

The Regulator may, upon perusal of the 
decommissioning plans, request the Licensee 
to set aside funds for decommissioning in a 
decommissioning fund. 

14.1 – 

14.3 

14.1 The Licensee shall comply with all 
environmental, health and safety restrictions 
and conditions imposed by a competent 
authority.  
14.2 Competent Authority in condition 14.1 of 
this Licence means the competent authority, 
whether on national or local level, tasked with 
ensuring compliance with the matters listed in 
that section.  
14.3 The Licensee shall, as soon as is 
reasonably possible, notify the Board of any 
accident, which has occurred in any part of 
the Licensee’s operations or in connection 
with its licensed activity, together with a 
notice of any loss of life or serious personal 
injury occasioned by such accident.

A17.1 – 
17.2 

The Licensee shall comply with all 
environmental, health and safety restrictions 
and conditions imposed by a Competent 
Authority.  

The Licensee shall, within one week of 
becoming aware, notify the Regulator of any 
accident which has occurred in any part of 
the Licensee’s operations or in connection 
with its Licenced activity, together with a 
notice of any loss of life, serious personal injury 
or damage occasioned by such accident.  
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Old Licence Conditions New Licence Conditions 

Number Nature of Condition Number Nature of Condition 

15.2 

The minimum standards that the distribution 

equipment of the Licensee shall comply with 

are the applicable SABS, NSI or other 

standards as determined by the Board and 

notified to the Licensee. 

A16.1 - 
A16.3 

The technical requirements of the Facility 
necessary to perform the Licenced Activities 
are set out in the Technical Documents. 
including the Regulatory Instruments. The 
Licensee shall adhere to such technical 
requirements.  

The Licensee shall maintain and operate the 
Facility in accordance with applicable 
Namibian Standards Institute (NSI) or other 
standards as determined by the Regulator 
and notified to the Licensee.  

Quality of supply and service and the 
execution of the Licenced Activity shall be in 
accordance with the Technical Standards 
and Quality of Supply and Service Standards, 
as adopted and amended from time to time. 
If the Licensee and a customer or group of 
customers mutually agree to deviations from 
the said standards, the Licensee shall seek the 
prior written approval of the Regulator for 
such deviation.

11.2.7 Connection Charge Policy 

The Connection Charge Policy [32] was developed to establish a standardised approach to 

dealing with network connections and the associated connection charges for both customers 

and generators. The current policy does not explicitly address the connection of RESS to the 

Namibian electricity grid. The policy defines different types of connection assets categories 

(shallow, semi-deep and deep) and details the allocation of charges for these assets for various 

customers and generators. In general customers and generators are charged proportionally for 

their use of connection assets and this principle will continue to be applied for customers and 

generators that connect with co-located storage assets.  

In the case of new connections, network operators will consider the impact of the RESS when 

connecting customers and generators and determine the utilisation of connection assets 

accordingly. For existing connected customers and generators, that wish to install RESS behind 

the meter, this will require the permission of the network operator and may trigger further network 

studies to determine the impact of the RESS on connection assets in use. RESS that are 

connected as stand-alone systems will be treated as if they were a customer with a co-located 

generator and will attract the same connection charges. 

The current Connection Charge Policy is considered appropriate to support the implementation 

of RESS in Namibia. 

11.2.8 Tariff Methodologies 

While section 12 provides a more detailed discussion of tariffs, it is noted that the ECB’s tariff 

methodologies for generation, transmission, distribution and supply licences are sufficiently 

robust to accommodate RESS assets and their services into a licensee’s regulated asset base, 

thereby including these into a licensee’s regulated cost base. It is however noted that the 
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Regulator’s oversight of major capital investments and their technical and economic 

justification may have to be sharpened by requiring licensees to demonstrate life-cycle cost7

and benefit analysis of alternatives considered for capital investments to ensure that RESS assets 

benefit customers and bring about cost reductions when compared to “traditional” alternatives. 

The tariff methodologies also cater for the treatment of extra revenues and operating costs that 

a licensee may generate or incur from the selling of services to third parties (treated as “other 

revenue”). 

There is, however, no tariff methodology for stand-alone RESS assets, regardless of whether these 

are in the form of a single installation or used in form of an aggregated asset.  

Literature suggests that the economic regulation of energy storage systems should not be 

conducted primarily on a cost-plus basis but rather on a service valuation basis. This implies that 

the economic regulation takes place at the side of the purchaser of storage services, where 

such purchaser is a regulated entity. Literature further suggests that it should be feasible to 

establish a competitive market for storage services by using a competitive procurement process 

to acquire energy storage systems and their services by regulated entities. As Namibia’s market 

includes entities that offer storage in combination with various generation types (including net 

metering) it is considered reasonable that such competitive procurement approaches will yield 

good results provided that they are well crafted. 

11.2.9 Grid Codes 

As indicated in literature, the newly developed Renewable Energy Grid Code would be the 

most likely to need some adjustment to accommodate storage applications used in conjunction 

with generation activities of various scales. 

In principle the Grid Codes will apply to RESS both as load customers as well as generators, since 

they have both characteristics (if the RESS cannot be charged from the grid then only the 

generation provisions would apply). 

The Grid Codes have established review mechanisms that can facilitate the adjustments 

needed to fully accommodate and take advantage of storage technologies. 

11.2.10 Standards 

The Electricity Act and Bill authorise the Regulator, after consultation with the Minister, the NSI 

and relevant role players, to set standards on the quality of supply and services. This includes the 

adoption of existing standards (national, regional and international) with or without 

amendments, as for example listed in Annexure B: Technical Standards for Battery Energy 

Storage Systems of this Report. The Regulator must indicate whether such standards are 

voluntary or compulsory.  The Regulator may authorise deviations from standards so set. 

Standards for newly evolving RESS technologies are being developed internationally, but 

typically such standards development lags somewhat behind the frontier of technology 

development. It is expected that technical standards for individual technologies may align with 

international standards since it will not likely be feasible to develop local standards. The 

7 Including capital, financing and decommissioning costs. 
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Regulator may require licensees to apply such standards, for example through licence 

conditions and/or through rules and storage. The external performance requirements 

(standards) for RESS are most likely to be defined via the grid codes as well as the user 

application – for example, system services will require performance standards as determined by 

the SO for specific needs. 

Although building safety standards are outside the remit of the ECB, it  is prudent to engage with 

the relevant Ministry to raise awareness of RESS and their potential impacts on building safety 

and for them to consider adjusting standards if deemed necessary. 

11.2.11 Contracts 

As highlighted by Bocconi  [34], the main tool to coordinate incentives among all parties 

involved in RESSs is a long-term contract and to let storage licensees negotiate their contracts 

with network owners and regulate the profits the network owner is allowed to gain. However, as 

previously mentioned, this is not deemed feasible in Namibia where a regulatory framework is 

the preferred option.  Storage licensees will negotiate bilateral contracts with network owners 

such as NamPower which contract will have to be submitted to the Regulator prior to conclusion 

for regulatory oversight. 

This requirement is not only a licence condition but also entrenched in the Electricity Bill where 

there is a catch-all phrase that any electricity related agreement is subject to regulatory 

oversight in the manner determined in the licence or as prescribed by the rules.  As USAID  [18] 

stated where the storage licensee is an IPP or other entity that has rates set by contract (a PPA 

in this example) then if the IPP chose to own battery equipment (after the requisite approval by 

the ECB) the PPA would likely have to be modified and if so, submitted to the ECB for approval. 

If the IPP contracted with a BSP then the bilateral contract would require ECB approval in 

addition to the ECB having to approve a modified PPA.  The introduction of RESS in the Namibia 

and the regulation thereof could therefore have potential impacts on existing agreements.  The 

Electricity Bill coupled with the inclusion of a corresponding provision in the storage licence 

would be sufficient to ensure efficient regulatory oversight. 

11.2.12 Network Licensees’ Connection Requirements 

Under the Act, Bill and existing Technical, Economic and Net Metering Rules, network licensees 

are authorised and required to implement technical requirements for anyone wanting to 

connect to their networks. These requirements should be focussed on ensuring the proper 

management of safety, operational stability, and optimal use of the network, including 

compliance with quality of supply and service standards. Such requirements may be in addition 

to the minimum requirements entrenched in the grid codes. 

11.2.13 Scheduling Requirements 

RESSs can significantly disrupt and change the existing load patterns on the electricity grid. The 

scheduling activities of the SO will therefore be impacted by the introduction of RESS at a 

significant scale, both for the grid charging of RESS as well as the discharge of RESS that do not 

fall within the existing scheduling requirements for generators (see also section 7). It is expected 

that RESS that are used as an integral part of a generator will be included in the scheduling of 

the generator, using existing scheduling mechanisms (including those under the MSB 

framework). 
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Therefore, the scheduling requirements for RESS charging from the grid as well as discharging of 

RESS that are not integrated with a generator that is already subject to scheduling (for example 

under the MSB framework) requires careful consideration. The uncontrolled charging and 

discharging of significant scale RESS can have material impacts on the load forecasting and 

generation scheduling efficiency of the SO, with negative cost impacts. 

Consultation is required with the SO and other affected stakeholders to determine conditions 

and thresholds where the scheduling of RESS charging and discharging must be coordinated 

with the SO to avoid adverse effects on the optimisation of resources and accurate forecasting. 

It is considered likely that stand-alone RESS (whether single-site or aggregated) above a certain 

input and/or output capacity will be required to be scheduled or to operate within parameters 

agreed with the SO, both for charging and discharging. 

11.3 Recommendations 

The following recommendations are based on the review of the requirements of Namibia’s 

regulatory framework: 

a) Most immediate needs for storage can be accommodated under the existing licensing 

framework for generation, transmission, distribution and supply, and the relevant storage 

use applications can be accommodated under these licences. 

b) Amendments will have to be made to the Electricity Administrative Regulations to deal 

with storage licence applications, the issue thereof and the fees connected therewith.  

Also, a storage licence application form will have to be developed. 

c) Minor amendments to the Technical and Economic Rules will be required. 

d) The Net Metering Rules need to be updated to explicitly deal with storage. Cases with 

and without grid charging capability must be differentiated in the revised Rules. 

e) The Grid Code Committee(s) should be tasked with reviewing the grid codes’ technical 

requirements once the storage use cases proposed in this literature review have been 

accepted. 

f) Consultation with the SO is required to determine appropriate requirements for 

scheduling of RESS charging and discharging for cases that fall outside the MSB 

framework. 

g) Development and/or identification of appropriate standards, where necessary. 

h) The storage licence conditions should include the same standard provisions as in other 

licences regarding regulatory oversight of agreements. 

i) The RESS Rules should – 

a. Define storage in a flexible and maximally technology agnostic manner, 

b. Enable aggregation of storage, including BTM storage, 

c. Define requirements to hold a storage licence with a view to minimise the 

requirement for new licenses, 

d. Deal with procurement of RESSs, 

e. Include a requirement for relevant licensees to include storage options as part of 

their resource and network planning processes. 
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12 Tariffs and Pricing for Regulated Energy Storage Systems 

12.1 Key Requirements  

Amongst others, the following findings and recommendations have been identified in the 

reference literature: 

1. RINA: “The existing BTM charges should not impede ESS for use of normal BTM user 

applications. The ESS systems, as explained above, should reduce the user’s network 

charges. It is expected that during the early stages of deployment there will be some 

tariff price fluctuations and distortion of grid charges as a result of BTM ESS users shifting 

demand. If adoption of BTM ESS is significant, the ECB may be required to review the 

tariffs to ensure they still accurately reflect the network costs.”  [15] 

2. RINA: “To enable a fair playing field for ESS, particularly for standalone ESS assets which 

are providing benefits to the electricity network, an exemption to some of the related 

demand and generation charges should be considered within the regulation. Maximum 

demand, network access, and consumption levies should be reviewed to ensure that 

they are not unfairly double charged for bi-directional ESS connections.”  [15] 

3. IRENA and RINA recommend that a system capacity expansion optimisation approach 

is used to determine the value that storage technologies can add to the system and 

compare this to alternative methods of supplying the required services. Such a study can 

provide a baseline for services required and a value base on which the pricing for 

storage services can anchored. The NIRP as a national formal process developed 

independent of the licensees is a good instrument to conduct this optimisation. A similar 

approach can be used for the planning and justification of transmission and distribution 

network upgrades, i.e. the studies and motivations for upgrade investments should 

consider storage implementation as an alternative and/or opportunity to defer 

traditional network investments.  [20],  [15] 

4. IRENA: “Revenue stacking is crucial to assess the viability and properly value the benefits 

of electricity storage.”  [20] 

5. IRENA: “A consistent and well-designed regulatory framework is needed to keep 

incentivising BTM storage deployment. Such a framework has to allow a) the 

participation of aggregators, which can increase the value of BTM storage by providing 

services to the grid as a virtual power plant; b) TOU tariffs that will indicate the most 

economical times for storage to charge from the grid; and c) net billing schemes, which 

will increase the revenues that BTM storage can obtain by charging to and drawing from 

the grid.”  [20] 

6. IRENA and RINA indicate the importance of time-of-use pricing to provide correct 

incentives to BTM ESS applications. TOU tariffs can be used to fully enable the use of ESS 

in a net metering context. RINA recommends that TOU tariffs should be applied as a pre-

requisite for net metering with ESS to be allowed to charge the ESS from the grid.  [20],  

[15] 

7.  USAID: “Pricing for battery services should be handled within the confines of the existing 

pricing methodologies that are used in Namibia. If an incumbent utility such as 

NamPower were to contract with a BSP for BRS, then a bilateral contract would be 

negotiated between the two parties and submitted to the ECB for ex ante approval, 

similar to the manner in which a PPA is approved.”  [18] 
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8. USAID: “If the licensee is an IPP or other entity that has rates set by contract (a PPA in this 

example) then if the IPP chose to own battery equipment (after the requisite approval 

by the ECB) the PPA would likely have to be modified and if so, submitted to the ECB for 

approval. If the IPP contracted with a BSP then the bilateral contract would require ECB 

approval in addition to the ECB having to approve a modified PPA.”  [18] 

The following key lessons are deduced from the above and other references: 

a) BTM RESS use with or without own generation should be enabled, within a fair grid pricing 

regime that does not discriminate against ESS users but that does ensure fair grid cost 

recovery. 

b) The Net Metering Rules need to be adjusted to enable fair pricing related to net metering 

with storage, to ensure that licensees can charge the NM customer an appropriate price 

for electricity drawn for grid-charging.  

c) TOU pricing plays a critical part in ensuring efficient economic signals for the use and 

deployment of RESSs, both in a generation context as well as a BTM context. 

d) Connection charges must be set to avoid double-charging for RESS connections. 

e) Prices for grid charging of RESS must ensure that no double-charging occurs and that 

prices fairly reflect costs. 

f) RESS must be included in grid licensee expansion and upgrade planning activities. 

Licensees should be required to demonstrate that they have evaluated suitable storage 

options and major investment decisions may be subject to regulatory review to ensure 

that the full spectrum of options has been considered to find a long term least cost 

solution. 

g) Aggregation should be enabled and should allow end-consumer RESS to participate in 

providing grid services via an aggregator. 

12.2 Gap Analysis  

12.2.1 Legal 

The ECB has the legal mandate to regulate tariffs for all licenced industry actors under the 

Electricity Act of 2007  [1], which would include storage used by any licensee. This empowers 

the ECB to regulate storage costs where storage is used by any existing licensee. Stand-alone 

storage may be more difficult to price-regulate because the regulation of tariffs is attached to 

the licensing framework, and no storage licence category exists under Act. However, most 

storage use cases can be covered under the existing licensing framework (under the 

generation, transmission, and distribution licences). 

The Electricity Bill provides for storage to be licenced, and therefore brings its separate 

economic regulation for storage (where required) under the full authority of the Regulator [2]. 

12.2.2 Regulatory 

Storage is a new licence category and therefore has no specific established tariff 

methodology/methodologies. Pricing and tariffs for storage applies primarily to licenced storage 
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for which pricing is regulated in accordance with the licence. The literature suggests that 

economic regulation of storage be done primarily on the user side, which raises the question of 

whether and how this can be achieved within the existing tariff methodologies for existing 

licence types. 

Table 8 analyses the pricing implications of different use cases for RESS applications and 

indicates where adjustments may be required. 

Table 8: Pricing implications of different RESS applications 

Storage Application Case Pricing Implications 

Co-located with a generator and used 

primarily for the enhancement of the 

generator connected to the national grid 

The tariff methodology for generation 

applies. 

For flat tariff generators the tariff type may 

need to be changed to time differentiated 

pricing and/or capacity payments may be 

introduced under the generation licence. 

Energy input to the RESS from the generator 

is part of the generation cost and need not 

be priced, and the output from the storage 

is treated as generated energy at the 

generation tariff if exported. Energy input to 

the RESS from the grid (if allowed) is priced 

at normal grid consumption tariffs. 

If ancillary services are provided then a) the 

pricing of the ancillary services is to be 

determined by benchmarked against 

existing/other possible ancillary services, b) 

the tariffs for ancillary services are to be 

authorised under the generation licence 

and c) the revenue from ancillary services 

may need to be regulated differently 

whether the off-taker of the generator is a 

private end-user (willing buyer – willing seller 

principle with no third party consumer 

impact) or a regulated entity with third-party 

consumer impacts. 

Services (and generation) provided to 

licenced third parties with end-consumer 

impact require cost regulation of storage 

services on the recipient licensee side. 

Co-located with a customer (behind the 

meter, exempt from licensing) and used 

primarily to reduce the grid cost of the 

customer and/or to enhance an unlicensed 

customer-generator and/or to provide 

enhanced quality of supply to the customer. 

If no services are provided to third parties 

then no tariffs are required since the 

investment cost and benefits accrue solely 

to the customer. 

Energy input to the RESS from the grid is 

subject to normal grid consumptive tariffs. 
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Storage Application Case Pricing Implications 

Energy output to the grid is subject to tariffs 

approved under the net metering rules. 

Customer benefits for avoided capacity cost 

in net metered cases are limited by current 

Net Metering Rules requiring grid capacity to 

equal or exceed generator capacity. 

Amendments to the Net Metering Rules must 

be considered to deal fairly with RESS. 

If services are provided to third parties then 

a licence should be required (not necessarily 

held by the storage owner, it could be held 

by an aggregator) under which tariffs for the 

services can be approved (including 

remuneration to the customer), unless 

pricing is regulated under another 

mechanism such as modified net metering 

rules.  

Services provided to licenced third parties 

with end-consumer impact require cost 

regulation of storage services on the 

recipient licensee side. 

Co-located with a licensed customer-

generator and used primarily for the 

enhancement of the generator and/or to 

reduce the grid cost of the customer and/or 

to provide enhanced quality of supply to the 

customer (connected to the national grid) 

The tariff methodology for generation 

applies under the generation licence. 

If ancillary services are supplied to third 

parties these are priced and tariffs approved 

under the generation licence. 

Services provided to licenced third parties 

with end-consumer impact require cost 

regulation of storage services on the 

recipient licensee side. 

Stand-alone, connected to the national grid Storage installed (and/or used) by grid 

licensees (stand-alone or aggregated) can 

be covered via existing cost and tariff 

regulation for the grid licensee. It becomes 

part of the grid licensee’s regulated asset 

base and operating cost. 

The energy input and output of this RESS 

application, if used by the grid licensee to 

whose network the storage is connected, 

does not need to be priced because the 

licensee has already included the cost of 

the energy in its bulk purchase cost. Energy 
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Storage Application Case Pricing Implications 

losses in the RESS will add to the licensee’s 

overall energy loss figure. 

For third-party stand-alone storage that 

provides services to a party other than the 

licensee to whose grid it is connected, an 

approved tariff is required for the local grid 

licensee for  energy taken from and supplied 

into the local grid by the storage.  

Part of a licensed generator supplying a 

mini-grid 

No separate pricing, fully integrated in the 

hybrid generator’s generation cost and tariff 

determination. 

Customer storage, unlicensed, connected to 

a mini-grid 

Same as for national grid-connected 

customers. 

Services purchased by licensees with third 

party consumer impact 

Services must be a) procured on a 

competitive basis and b) be benchmarked 

against “traditional” alternatives and shown 

to be economically beneficial. 

12.2.3 Active Promotion of Storage within the Electricity Supply Industry 

Since the use of storage for improved generation and network operation is a relatively new 

concept, many licensees do not include it as an option in their master planning and/or resource 

planning activities. The National Energy Policy, Renewable Energy Policy and Draft Smart Grid 

Policy all embrace energy storage as an emerging technological option with promise to reduce 

grid cost through various use cases. 

To overcome licensee reluctance to consider storage as an option in grid and generation 

planning, it may be necessary to implement regulatory measures to force the inclusion of 

storage options in planning processes. 

This can be done under the existing economic regulation and tariff methodologies by increasing 

scrutiny of capital projects of licensees, i.e. instead of merely taking note of planned major 

capital projects the Regulator can require licensees, as part of the tariff review process, to submit 

evidence of the alternatives considered in arriving at proposed investment decisions, including 

a requirement that storage be included in the options where relevant storage use cases exist. 

12.2.4 Active Promotion of Storage by the Government 

The Government may decide to actively promote electricity storage to drive national policy 

agendas. The most likely of these would be the renewable energy agenda and the off-grid 

electrification agenda. No specific government support exists currently for the renewable 

energy agenda, while rural electrification has been supported by government for many years 

and the National Electrification Policy is currently being developed to accelerate national 

electrification. Storage used with off-grid electricity systems has benefitted and is likely to 

continue benefitting from government support to electrification. 
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The Government will therefore need to decide on providing support for storage to enhance the 

renewable energy agenda or other national agendas, subject to government’s resource priority 

mechanisms. 

12.2.5 Primary Impacts - Pricing and Costs for RESSs implemented by a Licensee 

There are two cases for determining allowed tariff ceilings for storage:  

1) The first is the perspective of reducing the cost of grid electricity by deploying storage as 

an alternative to more expensive generation, ancillary services or grid investments. This 

implies that the cost of storage must provide an advantage over alternatives. Such an 

advantage must be clearly demonstrated.  

2) The second is the perspective of driving other national agenda items, such as increasing 

the renewable energy portion of the country’s energy portfolio. This national imperative 

may take precedence over the first perspective of reducing the cost of grid electricity. 

This would require a clear political decision which is properly informed by the impact on 

grid electricity cost and must include a clear understanding of how the impact will be 

funded, i.e. will government fund the increased costs to avoid consumer price increases 

or will electricity consumers be required to fund the additional cost. 

From the electricity industry’s viewpoint, the first perspective of reducing the grid electricity cost 

must be pursued and should drive the agenda for licensees and the Regulator, to ensure that 

price impacts are positive, i.e. grid electricity cost is reduced. Government intervention on the 

second perspective must be driven by Government through the NIRP process, which is tied into 

the Electricity Bill as Government’s prerogative. 

12.2.6 Secondary Impacts - Cost, Revenue and Tariffs of Network Users RESSs’ 

The installation of storage by network users can have an impact on the costs of the licensee as 

well as the revenue streams of the licensee.  

Customers can use storage to time-shift consumption to lower time-of-use periods and/or to 

reduce peak demand, thereby avoiding peak energy costs and/or maximum demand related 

costs. This can reduce the sales of the licensee, and hence its revenue streams. This can imply 

that licensees need to adjust their tariffs to continue recovering costs in a fair and reasonable 

manner. Current Net Metering Rules strictly limit a licensee’s ability to adjust its tariffs to net 

metered customers to compensate for lost revenue. 

Customer use of storage can also create cost for the licensee if network stability and quality of 

supply is negatively affected by customer storage installations. The current regulatory framework 

allows the licensee to recover the cost of compensatory measures from the customer(s) causing 

the problems or require the customers to change their equipment so that it does not contribute 

to the problem. While this may be practical to apply to large individual customers where a single 

customer can clearly be identified as the source of the problem, it is not practical to apply to 

many small customers whose aggregated impact causes the problem on the network. Despite 

the licensees’ best efforts to prevent such problems by limiting customers’ installations (as 

authorised in the Net Metering Rules as well as the Technical Rules), it may not always be possible 

to foresee all problems, and increased licensee costs can occur which must be covered in the 

revenue base of the licensee, leading to an increase in revenue requirement and tariffs. 
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The Regulator should pro-actively engage with licensees on a regular basis to ensure that 

licensees take appropriate actions to manage and mitigate risks arising from increased use of 

intermittent generation and RESS by customers. 

12.3 Recommendations 

The following recommendations are made in regard to tariffs and pricing for RESS: 

1. Where storage is added by an existing generator selling energy and/or services to another 

licensee, and such transactions have impacts on consumers, or storage is added by a 

network or other licensee with end consumer impacts: 

o the addition of storage must be justified by economic net benefits on the user side (cost-

plus-return on a life cycle basis should be below that of alternatives). 

o the procurement of storage must be take place on a competitive basis. 

2. Where storage is included in the design of a new generator then it becomes part of the 

normal tariff determination of that generator. Storage services sold in addition to generation 

energy and capacity are regarded as additional revenue and treated accordingly in the 

revenue regulation. 

3. Where a RESS is used with an intermittent and/or non-baseload generator it may be useful 

to apply a time-of-use energy tariff structure and/or include capacity charges in the tariff 

structure to adequately remunerate the control capability added by the RESS. This would be 

reflected in the schedule of approved tariffs and become part of the tariff determination 

process. Consequently, such tariffs may need to be reflected in an amendment of existing 

PPAs. 

4. The Net Metering Rules should be updated to include tariff regulation for customers with 

generation plus storage, for cases with and without the option of grid charging.  

o For grid charging it is proposed that licensees are permitted (or required) to sell energy 

to such a customer on time-of-use tariffs, and that capacity and fixed charges be 

adjusted to recover fair network costs where the customer reduces the grid capacity. 

o For generator charging of co-located storage only and if customers can install 

generation capacity exceeding the grid connection capacity the licensee should be 

allowed to determine special fixed charges that adequately recover network costs 

where the customer reduces the grid capacity. 

o The licensee should be permitted to publish regulated TOU rates (that reflect price signals 

of the TOU regime which applies to energy purchases of the licensee) for any net 

metering customer which are deemed revenue neutral compared with the comparable 

flat tariff, but which give the net metering customer correct energy value incentives. 

5. The national scoping of storage for system optimisation should be conducted through the 

NIRP process, including an economic justification and broad scoping for using storage. 

6. Licensees should be required, as part of their periodic tariff review processes, to demonstrate 

inclusion of storage options in their resource, upgrade and expansion planning activities, 

and to demonstrate to the Regulator that storage options have been fully considered in 

proposed major investment decisions. 
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13 Conclusions 

This Report presents the results of an assessment of the legal and regulatory requirements to 

broaden the application and use of energy storage technologies in Namibia.  

Figure 6 provides a graphical overview of the regulatory treatment that is envisioned for energy 

storage systems in Namibia, based on the review and assessment of relevant legal and 

regulatory matters presented in the earlier part of this Report. Figure 6 is a snapshot of the key 

aspects required to develop adequate regulations and is not comprehensively capturing all 

issues and aspects of relevance to RESSs.  

As such, Figure 6 refers to the most likely categories of applications and connection options of 

RESS in Namibia, which are referred to “use cases”. Figure 6 then identifies the type of storage 

licencing approach suggested per main RESS application, and then identifies the type of 

services per main RESS category, noting that service stacking refers to the provision of multiple 

services from RESS. Lastly, the figure depicts the key provisions proposed for the regulation of 

energy storage systems in Namibia.  

Figure 6: Envisaged regulatory treatment of energy storage systems in Namibia [6] 

The review presented in this Report indicates that the following conclusions are of particular 

relevance for the development of energy storage regulations for Namibia:  

1. Namibia’s plentiful renewable energy endowments, specifically its solar and wind resources, 

can be further unlocked using contemporary energy storage systems;  

2. Increasingly cost-effective storage systems and their applications are expected the further 

development of intermittent renewable energy sources; 
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3. The rapid development of cost-competitive energy storage systems and their applications 

is also expected to benefit the further electrification of rural areas using off-grid energy 

supply systems such as mini-grids; 

4. The uptake and use of medium- and large-scale energy storage systems and their 

applications is likely to be of particular interest to commercial, industrial and utility users. A 

multitude of applications exist for the deployment of RESSs across Namibia’s ESI and is 

expected to be of particular benefit to electricity end-users, IPPs, electricity utilities and 

operators of RESS providing a variety of services from energy storage systems; 

5. As identified in this Report, various regulatory provisions are to be created or updated, to 

enable the uptake and use of RESSs across Namibia’s electricity industry; 

6. In addition to opportunities that storage applications offer to existing ESI stakeholders, 

Namibia’s unfolding MSB Market also offers potentials for the uptake and use of storage 

applications. For example, for Contestable Customers, storage is expected to allow for 

energy arbitrage, meet capacity requirements, improve reliability and power quality while 

minimising certain network charges. On the other hand, for Eligible Sellers, storage is 

expected to enable energy arbitrage, improve self-balancing and thereby minimise 

balancing charges and enhance revenues from value stacking. 

7. For national power system planning to benefit from the advances in the field of storage, 

Namibia’s NIRP and licensee-specific resource plans are to be expanded to explicitly 

include RESSs, where appropriate. This would allow storage to be seen as an integral part of 

the overall national power system, which is to contribute to optimise the deployment and 

use of national electricity grid assets, where this is economically justified.  

8. The to-be-developed RESS regulations are to be technology agnostic to maximise their 

application and future-proof them in the face of rapid technological developments; 

9. RESS regulations are to define storage-specific licensing conditions and requirements and 

identify where and under what circumstances exemptions are to be applicable. The 

Administrative Regulations are to provide for RESS licence applications, including the issuing 

thereof and their fees, while a suitable application form has to be developed. 

10. Minor amendments to Technical and Economic Rules are required to address RESS-related 

aspects. 

11. The Net Metering Rules are to be updated to address RESS-specific aspects. The revised Rules 

are to include provisions for entities operating generation and RESS as well as the grid 

charging considerations of net metered end-users.  

12. The Grid Codes’ technical requirements are to be reviewed by the Grid Code Committee(s) 

once the categorisation of RESS as proposed in this Report is finalised.  

13. The development/amendment of RESS-specific standards is considered necessary and is to 

be based on the review of international standards as presented in this Report.  

14. RESS Rules are to enable the aggregation of storage, specify the requirements to hold a 

storage licence and identify how RESSs are to be competitively procured provided they can 

be justified by economic benefits of end-users; and 

Namibia’s electricity tariff methodologies require some adjustments so that RESS and their services 

form part of the overall determination of tariffs and charges, taking the most common applications of 

RESS and use cases into account. 
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14 Annexure A: Brief Introduction to Battery Energy Storage Systems 

This Annexure briefly introduces the key features of a battery energy storage system (BESS). 

14.1 Introduction 

Figure 7 shows the technology agnostic structure of a BESS. All BESS types adhere to this topology, 

regardless of the actual conversion technology and storage medium that is used. 

Figure 7: Common topology of a BESS [39] 

14.2 BESS Subsystem  

The battery subsystem is the core system of each BESS and fulfils three functions: 

 Conversion of direct current (DC) electrical energy into chemical energy, i.e. charging; 

 Maintaining energy in the form of chemical energy; and 

 Conversion of chemical energy into electrical energy, i.e. discharging. 

Battery systems consist of small non-divisible units called cells. These cells provide an external 

connection for the DC voltage. Common cell voltages are in the range of 1.2 V up to 4.2 V. 

Since these voltages are too low to be practical for energy applications, multiple cells are 

connected in series to achieve higher voltages and energy capacities. DC system voltages in 

large-scale battery energy storage systems are in the range of 400 V to 1,500 V. 
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14.2.1 Control of the charging and discharging process 

Commonly, the battery system itself does not control in which of these three states it is in. The 

state control rather depends on the DC voltage at the terminals of the battery subsystem. This 

DC voltage is controlled by the power conversion system (PCS). If the PCS is switched off, the 

battery system holds its idle voltage, also called the open circuit voltage (OCV). 

The OCV depends on the current state of charge (SOC) of the cell. This state of charge is the 

ratio between the energy that is currently stored in the cell compared to the energy capacity 

of the cell, i.e. the energy that could be discharged from the cell if it was fully charged. 

The resulting SOC-OCV-curve is a characteristic of the active material combination on both cell 

electrodes and the temperature of the cell8, as illustrated in Figure 8. 

Figure 8: OCV as a function of the SOC of a lithium iron phosphate cell [40] 

If the PCS or an electric load such as a resistor imposes a lower voltage on the DC terminals, the 

battery system will react with an output of power towards the PCS or load through the 

conversion of chemical energy into electrical energy. If the PCS or another DC voltage source 

8 The definition of the state of charge depends on the definition of when the cell is "fully charged" and "fully 

discharged". This is subject to the manufacturer's definition within certain limits. Therefore, the SOC is not 

a well-defined physical unit. It should therefore not be used in conditions where an unambiguous 

definition is needed, e.g. in test conditions that are linked to payments or acceptance certificates. 
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imposes a higher voltage on the DC terminals, the battery system will react with an input of 

power through the conversion of electrical energy into chemical energy. 

Since the process of proper charging and discharging is the consequence of a well-planned 

integration between the battery system, power conversion system and control system, it is 

advisable to define the requirements towards the BESS technologies as far as possible to the AC 

terminals of their combination instead of adding too many specific individual requirements for 

each individual component. 

14.3 Power Conversion Subsystem 

The power conversion subsystem (PCS) of a BESS serves for two closely related purposes: 

 Converting the electricity from its original form into a DC voltage and current that is suitable 

for charging the battery system. 

 Converting the DC electricity of the battery system back into a form that can be used for 

the application, i.e. discharging. This principle is similar to the conversion in a PV inverter. 

As of 2019, few BESS-specific inverters exist. Most inverters are modified PCS for PV systems, wind 

power plants or electric drives, i.e. the topology and components are very similar to these PCS 

used in the other applications. This has the advantage that the BESS can benefit from synergy 

effects of other applications in the form of technical product maturity and cost savings due to 

economy of scale effects. 

The principle of a bidirectional PCS using an IGBT B6-bridge, which is the most common topology 

in use today, is shown in Figure 9. 

Figure 9: BESS using a bidirectional PCS with B6 bridge [22] 

The main advantages of this topology are [7]: 

 Proven design from PV and wind inverters 

 Low material cost - only one conversion stage 

 Clear separation between the battery system and the PCS which allows different 

combinations to be realised. 

The main disadvantages of this topology are: 
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 Lower efficiency than more advanced designs, especially at partial loads. However, 

efficiencies of > 98.5% above 10% of loading are possible.  

 The lowest DC voltage at the end of discharge needs to be approx. 45% higher than the 

AC grid voltage due to the operation as a buck converter. This is acceptable since most 

battery system types can be connected in series to achieve this.  

 Slightly higher waveform distortion than other designs. However, with a sophisticated 

control algorithm and basic filters, any grid code can be fulfilled with this topology. 

14.4 BESS Power Conversion Subsystem Types by Topology 

There are two distinct possibilities for the transfer of electricity from a PV array to the BESS. As 

shown in the diagram below, the two feasible topologies for BESS are: 

 AC coupled PCS, where the BESS PCS is a unit that is purely used for the power input and 

power output of the BESS. In this case the energy from the generator (e.g. from the AC 

terminals of the PV inverter) is transmitted via the local AC grid. 

 DC coupled PCS, where the DC voltage of a PV inverter is directly used to charge the 

batteries via a DC/DC converter. The DC/AC inverter section of the PV inverter is both 

used to directly feed PV electricity into the grid and to discharge the battery system into 

the grid. These PCS types are sometimes referred to as hybrid converters. 

Figure 10 shows a graphical comparison of these two PCS topologies. 

Figure 10: PCS AC coupling versus DC coupling topology [22] 

While DC coupled PCS theoretically have a slight advantage in efficiency, they are less 

common in practical projects. The most likely reason is that they entangle the PV section and 

BESS section in a hybrid power plant, which makes tendering, sourcing and liability questions 

more difficult. Therefore, AC coupled PCS remain the standard choice for large-scale BESS as of 

2020. 
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15 Annexure B: Technical Standards for Battery Energy Storage Systems 

15.1 BESS Performance and Safety Standards 

BESS standards are differentiated into those relating to performance and those relating to safety 

requirements, as shown in Figure 11. 

Figure 11: BESS performance and safety standards [39]

15.1.1 Safety Standards 

Safety standards, as summarised in Figure 11, define the requirements that BESS need to fulfil to 

reduce the risk for personnel, environment and third parties to acceptable levels. As such, they 

are mandatory minimum requirements for any installation using BESS.  

15.1.2 Performance Standards 

Performance standards, as shown in Figure 11, define how the BESS and its subsystems are to 

perform under well-defined test conditions. Technical standards specify the minimum 

requirements, processes, criteria, instructions and engineering guidelines for manufacturers, 

users and installers of the equipment. 

As laboratory conditions do not always resemble real-world operating circumstances, care must 

be taken during tendering as performance standards do typically not describe the test 

conditions themselves, but only the general test arrangement. It is therefore not sufficient to 

define what a BESS or its components have to comply with, but in most cases, it is necessary that 

specific criteria are defined that must be met. 
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The above is especially critical since it closely relates to the final acceptance of the quality of 

the BESS service (e.g. speed and accuracy of response) and the available energy capacity (i.e. 

energy in- or output from the BESS under certain conditions). 

The most relevant test standard for BESS is IEC 62933-2-1. It defines standard tests that can be 

carried out on the point of connection of the BESS regardless of its internal construction. It is 

therefore technology agnostic and can even be extended for a comparison with other ESS that 

use electricity as in- and output. 

Referred standards are published by international or national Standards Development 

Organisations (SDOs) and are considered voluntary. Compliance is generally preferred practice 

although not deemed mandatory. Once such standards are adopted by a country via 

legislation, regulations and contracts, they are then considered mandatory.  

Often, standards do not keep up with the pace of innovation and application, and therefore 

often do not explicitly address newer ESS applications / technologies. This often leads to non-

applicable and outdated criteria which are inappropriately applied to ESS installations. 

The scope of technical standards varies according to the purpose of the standard and ranges 

from general concepts for guidance standards for entire systems, including on detailed and 

specific processes for distinct components. The following main categories apply to the 

procurement, delivery and operation of an ESS: 

1. Component specification 

 Standardised Products 

 Manufacturer’s Design margins 

2. Component manufacturing 

 Manufacturing processes 

 Manufacturing tolerances 

3. Project/site development component manufacturing 

 Land use 

 Environmental considerations 

4. Shipping and transport 

 Packaging 

 Safety issues 

5. ESS system specification 

 Operational usage and functionality 

 System design criteria 

6. ESS Installation 

 Erection and installation works 

 Risk assessment and method statements 

7. ESS system testing and commissioning 

 Battery cycling and providing tests 

 System commissioning 
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8. Operation and Maintenance 

 Monitoring and Performance 

 Safety systems and incident response 

9. Decommissioning and recycling 

 Decommissioning methodology 

 Recycling procedures 

Primarily, ESS standards are developed by UL, IEC, and IEEE and reflect the experience of 

researchers, industry, consumers and regulators. As per the IEC, the World Trade Organisation 

recommends using international standards rather than regional standards. 

Namibia typically uses IEC in combination with various SANS South African standards. Although 

a considerable number of standards have been developed by UL, these are specific geared 

towards the US market. Generally, it is recommended that IEC standards are used to provide 

and maintain consistency across the implementation of technologies. The sections below 

describe the standards that are specifically applicable to the deployment of ESS in Namibia, i.e. 

IEC TC21 and TC120. 

15.2 IEC TC 21 – Secondary Cells and Batteries 

The scope of IEC TC 21 is to prepare product standards for all secondary cells and batteries, 

irrespective of type or application. As such, IEC TC 21 is primarily applicable to equipment 

manufacturers and suppliers rather than system designers and operators as are guided by IEC 

TC 120 (refer to section 15.3).  

IEC TC 21 covers the following aspects of relevance to battery technologies: safety installation 

principles, performance, battery system aspects, dimensions and labelling, and also considers 

electrochemical storage systems as summarised in Table 9. 

Table 9: Standards published by the IEC TC 21 working group [41]

IEC Standard and title Applicability Status 

IEC 62619:2020

Secondary Cells and Batteries 
Containing Alkaline or other Non-
acid Electrolytes 

Safety requirements for secondary 
lithium cells and batteries, for use in 
industrial applications 

Published 13 February 2017 
 (Ed. 1.0) 

IEC 62620:2014

Secondary Cells and Batteries 
Containing Alkaline or other Non-
acid Electrolytes 

Large format secondary lithium cells 
and batteries for use in industrial 
applications 

Published 25 November 2014 
 (Ed. 1.0) 

IEC 61427-2:2015 

Secondary Cells and Batteries for 
Renewable Energy Storage 

Part 2 – General requirements and  
methods of test – Part 2: on-grid 
applications 

Published 28 August 2015 
 (Ed. 1.0) 

IEC 62485:  

Safety Requirements for Secondary 
Batteries and Battery Installations 

Part – 5: Lithium-ion batteries for  
stationary applications 

Published January 2019 

IEC 62902:  

Secondary Batteries 

ED1: Marking symbols for 
 identification of their chemistry 

Published February 2019 
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IEC Standard and title Applicability Status 

IEC 62932: 

Flow Battery Systems for
Stationary Applications 

Part 1 General Aspects, 
 Terminology and Definitions 

Published February 2020 

Part 2-1 Performance general 
requirement & method of test 

Part 2-2 Safety  
requirements 

IEC 62984: 

High Temperature Secondary 
Batteries 

Part 3: Sodium-based batteries – 
Section 1: Safety requirements and 
tests of cells and batteries 

Published March 2020 

Part 3: Sodium-based batteries – 
Section 2: Performance 
 requirements and tests 

15.3 IEC TC 120 – Electrical Energy Storage Systems 

The ‘TC 120 – Electrical Energy Storage Systems’ is an active IEC working group to standardise 

the field of grid integrated energy storage systems and applications. The focus of TC 120 is on 

system aspects of electrical rather than general ESSs, and this working group is currently the most 

active in terms of the development of international standards for the energy storage industry. 

The electrical ESSs covered include any type of grid-connected ESS which can both store 

electrical energy from a grid or any other source and provide electrical energy to a grid, 

allowing them to maintain the balance between electrical energy demand and supply over a 

period of time, as summarised in Table 10. TC 120 considers all storage technologies as long as 

they are capable to store and to discharge electrical energy, which implies that these standards 

are expected to apply at the system level to stand alone as well as co-located ESS.  

Table 10: IEC standard of relevance to electrical energy storage systems, based on [41]

IEC 
Standard 

Applicability Status 

IEC 62933:

Electrical 
Energy 
Storage
Systems 

Part 1: Vocabulary Published 27 February 2018 (Ed. 1.0) 

Part 2-1: Unit parameters  and testing methods -  
general specification 

Published 13 December 2017 (Ed. 1.0) 

Part 3-1: Planning and installation – general 
 specification 

Published 8 August 2018 (Ed. 1.0) 

Part 4-1: Guidance on  environmental issues Published 26 July 2017 (Ed. 1.0) 

Part 5-1: Safety considerations related to grid  
integrated electrical storage systems 

Published 12 July 2017 (Ed. 1.0) 

Part 5-2: Safety considerations related to the 
integrated electrical energy storage systems – 
batteries 

Published April 2020 (Ed. 1.0) 
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16 Annexure C: Environmental Aspects of Energy Storage Systems 

16.1 The Environmental Management Act, Act 7 of 2007 

ESS facilities must comply with the Environmental Management Act, Act No 7 of 2007, which 

includes adherence to relevant environmental planning and impact assessment requirements 

as applicable to electricity generation infrastructure projects.  

The Environmental Management Act is administered by the Ministry of Environment, Forestry and 

Tourism (MEFT), and the Environmental Commissioner in this ministry is responsible to issue 

Environmental Clearance Certificates if environmental criteria are met.  

As per the Environmental Management Act, the MEFT defines the requirements that an 

Environmental Impact Assessment has to satisfy. In this regard it is of importance to note that: 

 provides that the MEFT Minister may list activities which may not be undertaken without an 

environmental clearance certificate; 

 Section 22 stipulates that the Environmental Commissioner must determine the scope of an 

assessment as well as the procedures / methodologies for conducting such assessments; 

 Clause 56(d) stipulates that the Minister MEFT may categorise activities according to their 

size, production or storage capacity; 

 a project that is below a certain production capacity and/or areal requirement may be 

exempted from certain environmental assessments, which may be of relevance to certain 

BESS installations that are being added to existing solar PV or wind energy generation 

facilities; and 

 environmental impact assessments for large-scale ESS coupled with solar PV or wind 

projects are necessary and are to be included in the EIA process as part of the renewable 

energy development. 

As a result of the above, there exists a requirement to develop, determine the methodologies 

and procedures to aid the Minister of the MEFT to guide the scope of assessments that are to be 

undertaken. It is noted that IEC 62933: Part 4-1 provides guidance on environmental issues that 

can serve as guideline for projects including ESS, noting that the specific suitability under 

Namibian realities is still to be ascertained. 

It should be noted that the Government Gazette notice issued under section 27 only lists 

generation, transmission and supply of electricity as listed activities.  The notice also follows the 

definitions of these undertakings as they are defined in the Electricity Act.  Thus, should storage 

not fall within the scope of those definitions, then storage of electricity will not be a listed activity.  

However, in so far as storage involves hazardous substances, it would qualify as a listed activity. 

However, it is noted that the aforementioned Government Gazette notice has limited 

application and, for example, the distribution of electricity is also not a listed activity, which is 

deemed to be an oversight.  

Under the Electricity Bill, the Regulator may require an applicant to submit an environmental 

impact assessment, but the latter would not be done under the Environmental Management 

Act and would therefore become the responsibility of the Regulator to evaluate and approve 

(without the intervention of MEFT). Clearly, there are gaps as regards the alignment of the 

Environmental Management Act (and specifically the electricity-related activities listed 

thereunder) which require environmental clearance certificates. It is recommended that the 
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matter be taken up with the Minister of the MEFT as regards the addition of all relevant electricity-

related activities to activities listed under the Environmental Management Act. 

16.2 Environmental Impacts of Energy Storage Systems under Routine Operations 

Under routine operating conditions, ESS also have impacts on the natural environment, including 

in the form of waste heat from losses and the use of auxiliary services which are commonly 

dissipated into the air or water; noise, for example emanating from cooling units, pumps, 

inverters and transformers; electromagnetic radiation from chargers, switch gear and inverters 

/ converters; land modifications as may result from civil works; and waste upon decommissioning 

and disposal, as is covered in section 16.3. 

16.3 Decommissioning and Disposal of Energy Storage Systems 

16.3.1 Decommissioning [63], [64] 

The decommissioning of ESSs arises for many reasons: for example, a defined project end date 

is reached, ESSs are no longer required, they has reached their end-of-life, or decommissioning 

is recommended based on safety or reliability considerations. Typically, end-of-life conditions 

are defined during the project planning stage.  

A decommissioning plan must be prepared prior to the commencement of any 

decommissioning activities. It is recommended that a decommissioning plan be included in a 

Request for Proposals, as discussed in the Energy Storage Integration Council’s Energy Storage 

Request for Proposal Guide [59], and clearly define which parties are responsible for the 

decommissioning of the ESSs. The plan should be a living document that is updated as 

technologies, experience with the ESSs and relevant codes and regulations evolve over the 

project lifecycle.  

Regarding safety, the decommissioning plan should include a risk management assessment, a 

safety plan and an environmental assessment. In addition, it should take into consideration if 

and how ESS component recycling is possible, as well as the reuse and / or disposal 

considerations. These aspects are further deliberated in the Energy Storage Integration Council’s 

Energy Storage Commissioning Guide [60] and the Council’s Energy Storage Implementation 

Guide [61]. 

As with any other asset within the power sector, the decommissioning process for ESSs involves 

dismantling and removing equipment and waste from the site, in compliance with national 

applicable rules governing the dismantling, safe transport and disposal of materials. 

The actual scope of decommissioning depends on project-specific conditions, the type of 

system in use and the disposal pathway chosen. In some cases, BESS modules are removed, 

while the balance of the system (such as controls, enclosures and others) remain to be re-used 

with new BESS modules. In other cases, the full systems are replaced as integrated packages. If 

the site itself is being entirely decommissioned, in other words no future energy storage or similar 

infrastructure will be used there, contractual agreements govern the rehabilitation and final 

state of the site, including, amongst others, details on remedial measures to be taken, specifics 

on the removal of foundations and similar infrastructure, the restoration of disturbed landscapes 

and other aspects. 
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16.3.2 Recycling and Reuse 

During replacement or decommissioning of ESSs, waste materials arise. Commonly, waste from 

ESS applications is differentiated between conventional waste arising during decommissioning 

of electrical equipment and those waste materials that are specific to the application. 

Common waste that arises when electrical equipment is decommissioned includes switchgear, 

transformers, power conversion system as well as waste materials from civil structures. In contrast, 

BESS-specific waste includes battery cells, control electronics and battery modules. In many 

countries, industry-scale recycling has been established and caters for common cell chemistries. 

Reuse is as an alternative to recycling. Despite being regularly mentioned, only a small number 

of such "second-life" systems have actually been re-deployed. The limiting factor is the lack of a 

cost-effective reuse concept, noting that suppliers will not provide warranties on the batteries 

beyond their contractual end-of-life, implying that "second-life" BESS are usually not bankable. 

The degree to which BESSs are recycled depends on the chemistry used. To illustrate: recycling 

of lead-acid batteries is now almost 99% efficient. In contrast, Li-ion batteries score lower due to 

their more complex construction and the low value of some of the constituent materials. The 

future cost associated with recycling of lithium-ion batteries is to range between 1,000 to 3,000 

USD/tonne. Similar to general raw material prices, the value of materials gained from recycling 

depends on market prices which are not possible over the lifespan of BESS applications. 

16.3.3 Storage and Transport [62] - [67] 

Environmental damage may result when the content of contemporary batteries escapes the 

battery casing and lands up in the environment. This is to be avoided, and has particular 

implications during the conveyance and transport of ESS battery components. International 

guidelines that address the conveyance and transport of BESS include IEC 62281:2016: Safety of 

primary and secondary lithium cells and batteries during transport; and United Nations 38.3: 

Manual of tests and criteria for the transportation of dangerous goods. 

Each technology and embodiment is specific to a manufacturer and/or product developer. 

Regarding BESS using lithium-ion cells, proper handling of such technologies is imperative, 

especially during disassembly and transport. Improper handling and disposal of these materials 

could result in fire, explosion as well as the release of hazardous materials and toxic gases. 

Several codes and standards regulate the transport of lithium-ion BESS as well as their disposal / 

recycling, as is further elaborates in references  [62] to  [67].  

16.3.4 Export of Waste 

The Basel Convention classifies used batteries as problematic waste [9]. This implies that batteries 

cannot be exported if the country of import has imposed restrictions on such items. This is 

particularly relevant for the case of China, which has outlawed the import of waste batteries, 

noting that this country is the largest manufacturer of such systems. Globally, IEC guidelines on 

the treatment and recycling of batteries do not exist, noting that specific waste handling and 

recycling directives are expected to be covered under national legislation. 
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17 Annexure D: International Lessons Learnt, Best Practices and Energy 

Storage Systems 

Regulatory and licensing frameworks play a pivotal role in facilitating the potential of projects 

using energy storage systems and their applications. This necessitates clarity and transparency 

of process to enable market participants to understand the framework under which an ESS asset 

is to be permitted to operate and contributes greatly to the transparency required to acquire 

financing for such projects. Small scale ESS owners will be able to conceptualise their 

requirements while developers and large-scale investors will have a clear platform for the 

implementation of energy storage projects.  

The tables below, which are based on [43], summarise the steps taken in Australia, Spain, Italy, 

Germany and India to facilitate, guide and incentivise the uptake and use of ESSs for a variety 

of applications. 

Table 11: Australian initiatives and regulatory best practices [43] 

Initiative Description Impact 

Australian Energy 
Storage 
Roadmap 

The Clean Energy Council’s roadmap has 
the following objectives:  

 Analysing growth and gathering key 
information about the sector; 

 Ensuring the development of vital 
standards and the integrity of the 
storage sector; 

 Locking in effective regulation and 
policy to support storage; 

 Leadership and coordination of the 
emerging sector; 

 Promoting potential storage 
technologies. 

Assisting the development of 
the foundation to deliver the 
full potential of ESS 
technologies by way of 
fostering collaboration with 
industry, regulators, and the 
careful strategic planning to 
ensure that consumers benefit 
from such technologies. 

Energy Storage for 
Homes 

 AGL in partnership with Sunverg is 
developing energy storage solution for 
Australian Homes. It plans to announce 
a program to roll out about 1,000 ESS for 
Australian homes with rooftop solar 
panels amid forecasts that falling prices 
will stimulate demand. 

 Enphase announced a similar solar 
homes program in partnership with ELIIY 
in Japan. 

PV + Energy Storage for 
Australian Homes 

Adelaide Incentive 
Program 

 In the first example of storage-specific 
subsidies in Australia, the City of 
Adelaide offers businesses, residents, 
schools and community organizations 
an incentive of up to US$5,000 for 
installing ESS, as part of the expanded 
Sustainable City Incentives Scheme. 

The incentive is aimed at 
encouraging further 
community investments in 
solar + storage, as well as in 
energy efficiency and electric 
vehicles as part of the state 
government’s plans for a 
carbon neutral South 
Australia. 
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Table 12: Spanish initiatives and regulatory best practices [43] 

Initiative Description Impact 

Climate Change 
Strategy 

In 2014, Red Eléctrica approved a specific 
strategy and action plan focusing on the 
following: 

 Integration of renewable energies 

 Energy efficiency 

 Emission reduction 

 Woodland protection 

 Adaption to climate change 

 Extending commitment to stakeholders 

While working to integrate the largest 
possible amounts of renewable energy, REE is 
working on the development of energy 
storage tools, based on both hydraulic 
systems and other technologies, including 
the following: 

 carrying out prospective evaluations on 
the impact of new storage facilities for 
the integration of renewables; and 

 identifying the technical and 
management characteristics required to 
ensure the greater integration of 
renewables.  

These systems will contribute to 
an improvement in the 
efficiency of the electricity 
system as a whole and help to 
optimise the electricity 
infrastructure. 

ALMACENA Project  A technical project that analyses and 
assesses the challenges and capabilities 
associated with a BESS connected to the 
transmission grid.  

Installation of a lithium-ion battery of approx. 
1 MW capacity and at least 3 MWh located 
in the Carmona substation at Seville. 

Allowing two functionalities to 
be tested to promote the 
integration of renewable 
energies and improve 
associated operations, incl. 
load curve modulation and 
frequency - power regulation.  

Flywheel Project Installation and commissioning of a flywheel 
systems, i.e. an energy storage system using 
a rotating mass. The projects are partially 
financed by the Centre for Industrial 
Technological Development and the EU. 

Stabilising the frequency of the 
electricity system of Lanzarote-
Fuerteventura, installed in 
Mácher at Lanzarote. 



Development of Energy Storage Regulations
Final Report: Assessment of Requirements for the Regulation of Electricity Storage

Page 72 

Table 13: Italian initiatives and regulatory best practices [43] 

Initiative Description Impact 

Terna energy storage 
projects 

Terna is a leading Italian transmission 
network service provider and has invested € 
31 million in ESS projects.  

Terna launched a program focusing on the 
development and implementation of 
energy storage projects for the transmission 
network consisting of  

 An energy-focused storage project 
which consists of three storage systems in 
southern Italy totalling 34.8 MW.   

 A power-focused storage project which 
will see the installation of 40 MW of 
energy storage capacity to increase the 
security of electricity networks and 
develop smart grid applications.  

 The Regulatory Authority of Electricity 
and Gas has set new rules stating that 
batteries must be considered as 
production facilities and will be 
incentivised accordingly.  

Ensuring reliable and cost-
effective integration of 
renewables to the grid with the 
help of energy storage 
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Table 14: German initiatives and regulatory best practices [43] 

Initiative Description Impact 

New renewable 
energies program 
entitled “Storage”/ 
KfW275 

In May 2013, Germany introduced a € 25 
million storage subsidy program, providing 
financial support to all photovoltaic systems 
containing battery energy storage that are 
installed in Germany in 2013 (with a 
maximum capacity of 30kW).  

The program gives subsidies via low-interest 
loans from state-owned KfW bank and 
principal grants from the Environment 
Ministry. Subsidies amount to €660/kW of 
solar power per system, improving the 
economy of BESS take-up in the residential 
and commercial sectors. 

Support mechanisms like grants 
and low-interest finance are 
used for the storage purpose of 
peak shaving and improve the  
integration of small-to-medium 
solar PV systems into the 
electricity grid. 

Follow-up program for 
promoting battery 
storage systems 

Relaunched the now changed program on 
1 March 2016, since the predecessor one 
expired at the end of 2015. Offering low-
interest KfW loans and repayment bonuses 
from BMW-I funds. 

Encouraging the market and 
technical development of BESS  
and incentivising 
manufacturers to pass on the 
technology and production-
related cost reductions to the 
customers. 

KfW 203 Financing for energy efficiency projects, 
incl. energy storage projects, for a target 
group of municipalities, interest rate: 0.6-1.3 
percent up to 30 years. 

Financing options for energy 
storage. 

KfW 204 Financing for energy supply projects 
(thermal storage projects included)  
for municipal utilities and PPPs, with €50 
million loan limit, negotiated interest rate 
and repayment holiday of between one 
and five years. 

Financing options for energy 
storage. 

KfW 207 & 274 Energy Storage in combination  
with PV for private consumers 

Provide a PV + storage 
investment plan. 

KfW 291 For large-scale investments of large 
enterprises in the German Energiewende, 
incl. energy supply, efficiency, storage and 
transmission.  

The target group are companies and 
storage purposes are storage for energy 
efficiency or load management, or R&D for 
general storage. Loans from €25 to €50 
million. Fixed interest rate for 10 years. 

Implement initiatives for the 
German Energiewende. 

KfW 230 Environmental Innovation Program for 
companies with a grant of up to 30% of the 
investment and 5 years minimum. 

Investment credit to promote 
energy storage. 

Joint RD&D Initiative 
“Energy Storage 
Technologies" 

Promoting research and development for 
storage technologies and has made €290 
million available for the “Energy Storage 
Funding Initiative”.  

Joint funding initiatives in key 
areas such as energy storage 
and grids can generate the 
momentum needed to 
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Initiative Description Impact 

At the end of 2013, the relevant federal 
ministries had approved €255 innovative 
research projects totalling €260 million in the 
field of energy storage. 

advance relevant 
developments.  

Renewable Energy 
Sources Act 

The legislation requires grid operators to 
purchase a certain amount of  
electricity from renewable energy sources 
first before they feed in electricity 
generated from non-renewable sources.  
Hence, investments in renewable energy 
projects are protected through the 
guaranteed feed-in tariff (fixed for 20 
years), while at the same time periodically 
decreasing, tariffs (through a yearly 
digression) require plant builders to 
systematically innovate and reduce costs. 

Tremendously successful in 
widely expanding the 
integration of renewable 
energies into Germany’s 
energy mix, all the while 
strengthening the country’s 
global leadership in the market 
of eco-friendly technologies 
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Table 15: Indian initiatives and regulatory best practices [43] 

Initiative & 
Regulation 

Description Impact 

Bids for ESS 
demonstration 
projects 

Power Grid Corporation of India invited 
bids ESS demonstration projects for 
500kW / 250kWh capacity under three 
categories, namely lithium-ion, 
advanced lead acid and flow batteries. 

Test ESS technologies. 

Energy storage 
demonstration 
program 

India’s Ministry of New and Renewable 
Energy has announced an Expression of 
Interest for energy storage demonstration 
projects to support renewable energy 
generation, with a capacity addition 
target of 175MW by 2022. The Ministry 
supports demonstration projects for ESS in 
an effort to assess the feasibility of ESS 
technologies for grid-connected 
renewable energy applications. 

The demonstration projects are 
expected to help in acquiring 
the desired technical 
knowledge, economic and 
market assessments and insights 
on the approaches for shaping 
a focused program. 

Contract for Li-Ion 
battery energy 
storage 

India is pursuing renewable energy and 
energy storage to secure power 
resources more than 300,000 telecom 
towers, announcing a US$40 million 
contract in July 2013 for Li-ion battery 
energy storage systems to meet that 
need. It is estimated that 100,000 towers 
are already using storage. 

Apply Li-ion technology for the 
power supply of 
telecommunication towers. 
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18 Annexure E: Grid Integration of Energy Storage Systems 

An ESS may be connected to the low-, medium- or high-voltage grid, as described in [42]. The 

point of connection (POC) should be accessible to both the utility and the  storage  systems 

user, as per IEEE-519. The grid connection should be made according to the local regulations, 

the utility interconnection specifications as well as according to an agreement between the 

grid operator and the storage user. 

The electrical conditions should be determined at the grid connection point. In order to ensure 

compatibility between the ESS and the grid codes and regulations valid at the site, a project or 

type certificate could be performed according to regulations determined. Alternatively, several 

aspects, like harmonic voltage distortion, should be tested during factory acceptance testing. 

Relevant data can be taken from the project certificate or type test certificate. This should 

include the following items at least: 

 normal supply voltage and fluctuations 

 normal supply frequency and fluctuations 

 voltage symmetry 

 maximum voltage gradient 

 normal power and fluctuations 

 minimum power factor 

 maximum power gradient 

 storage capacity 

 DC energy storage facility, which should include specifications for the transformer 

 availability 

 symmetrical and asymmetrical faults 

 number and type of the electrical grid outages and their average duration 

 protection scheme of the whole system within the electricity network. 

 special features of the electrical grid at the site as well as requirements of the local grid 

operator should be considered. These may include auto-reclosing cycles, short-circuit 

impedance at the ESS connection point(s) as well as harmonic voltage distortion. 

Normal electric power network conditions (also valid at the POC of the ESS) apply when the 

following parameters are within the ranges stated below, which may differ by region and are 

governed by the applicable grid code(s) and/or utility interconnection specification(s). 

 voltage: nominal value ± 10% (e.g.) 

 frequency: nominal value ± 1 Hz (e.g.) 

 voltage imbalance: the ratio of the negative-sequence component of voltage to the 

positive sequence component shall not exceed 2% (e.g.). 
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