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Abstract 
One of the main objectives of this report is to provide policy-makers with the knowledge and tools they need when 

confronted with a potentially significant flow of EoL mercury containing lamps and the potential mercury pollution it 

could generate, either airborne or by seeping through the ground to water bodies. 

The risks related to MCL waste are either low or easily controllable in the business-as-usual scenario with a 

domestic waste collection scheme and landfilling. The design of the landfill, which should be engineered, is 

essential to reduce human exposure, environmental impact and associated risks.  

The most effective solutions to reduce overall mercury emissions, which are incineration with activated carbon 

filters and mercury extraction and which require a separate collection scheme, also result in the highest risk for the 

workers. This risk is manageable with very high technical capacities and enforcement of best security procedures, 

which may be difficult to ensure in most SSA countries. 

Mercury extraction, which requires a technology specific to lamp recycling, may not be a financially feasible option 

in most SSA countries considering the size of the markets compared to the capacity of their equipment. But there 

may be an opportunity to overcome the market size barrier by combining it with an MCL production facility, which 

produces large quantities of waste. 

Some alternative measures can be more effective and more sustainable; these require local involvement from the 

government to reinforce policies as well as broader involvement of lighting manufacturers at the international level. 

In particular, whereas the overall amount of mercury in the MCL market in SSA is low compared to other sources of 

mercury, it can be further reduced up-stream by improving lamp lifetime and mercury content. Another essential 

measure is to prepare the lighting market for a shift to other mercury-free lighting technologies. LED has been under 

the spotlight for several years now, but it will need further development before it becomes commercially viable, and 

even more so in SSA. 
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Executive summary 

Mercury hazard in the End-Of-Life cycle of MCLs 
Mercury (Hg) is a highly toxic element that is found both naturally and as an introduced contaminant in the 

environment. Mercury hazard depends on how contamination occurs and on the quantity and duration of human 

exposure. Mercury contained in an MCL is elemental (or metal mercury), which is highly volatile; it can be 

transformed by bacteria in water into organic mercury (or methylmercury), which is even more harmful, and 

bioaccumulate through the food chain. Contamination by elemental mercury mostly happens through inhalation, 

while contamination through organic mercury usually happens through ingestion of food. In both cases, mercury 

intoxication is either chronic or acute. 

An MCL contains a small amount of mercury (usually 2 to 15 mg per lamp). Mercury is sealed into the glass bulb 

during its entire lifetime and is released progressively over time after the lamp breaks. Lamp breakage happens 

during usage or, which is more likely, after it enters the End-Of-Life stage (i.e. as waste). Once mercury is emitted, 

there are two levels of exposure that can be addressed separately. (1) Direct exposure is the contamination of the 

environment close to the source of emission. The risk – associated with the characteristics of the surrounding area 

(settlements, soil quality, etc.) – is concentrated around the source of emissions and can be measured in terms of 

air or water mercury concentration and frequency. (2) Indirect exposure is related to medium to long-term 

deposition, breakdown as local, regional, and global deposition, resulting in a diffuse risk. When mercury enters 

this broader cycle, it is not possible to monitor the geographical routes of deposition or to identify the resulting 

risks. 

The following table shows the types of possible mercury emissions during potential stages of the End-Of-Life cycle 

and the associated modes of contamination. 

Stage Type of emission Potential mode of contamination 

Household Airborne emissions due to one lamp breakage Inhalation of mercury vapor by residents 

Collection Airborne emissions due to breakage during transportation in the truck 

first and then in the surrounding area 

Inhalation of mercury vapor by operator 

Transshipment Airborne due to lamps broken during transportation or airborne through 

breakage during handling, usually in a closed area 

Inhalation of mercury vapor by operator 

Incineration Airborne due to mercury vaporization in the furnaces, which can be 

filtered 

Inhalation of mercury vapor by operators or 

site neighbors if low quality filters 

Incineration Generated waste (used filters, bottom ash and fly ash) may induce 

further emissions in landfills 

Cf. Landfill 

Recycling Airborne emissions occurring during cutting or shredding of the lamp, 

usually in closed area 

Inhalation of mercury vapor by operator 

Recycling Elution in case of wet washing Bioaccumulation of washed out mercury 

and ingestion of contaminated fish 

Landfill Airborne emissions due to lamps broken before disposal or due to 

breakage in the landfill, mixed with other biogas 

Inhalation of mercury vapor by operators, 

scavengers or site neighbors 

Landfill Elution via leachate of airborne mercury not previously emitted Bioaccumulation of washed out mercury 

and ingestion of contaminated fish 

Total Airborne emissions from all stages carried by air and deposited at a 

varying distances from the emission point 

Bioaccumulation of washed out mercury 

and ingestion of contaminated fish 
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Low and manageable risks to human health 
In order to quantify the potential risk related to end-of-life CFL management, a worst-case-scenario has been 

studied based on 1 million lamps per year being sent to the same landfill, which would be equivalent to a high-end 

estimate for a Johannesburg landfill CFL feedstock in 2020. These conservative assumptions lead to a total 

emission of about 8 kg of elemental mercury in the air and the release of 4 kg of elemental mercury to the ground. 

From these results, compared with European and World Health Organization (WHO) official thresholds, we can infer 

that the main risks to human health are either low or can be mitigated. 

Airborne pollution may only become significant in closed spaces, which would happen only in very specific 

situations such as a combination of closed garbage trucks (large load capacity with press) and a high concentration 

of FLs, or the breakage of a large number of FLs in a closed unventilated location (may lead to blood poisoning by 

inhalation of elemental mercury) – preventable by simple safety measures. 

Risk due to water pollution leading to bioaccumulation of organic mercury throughout the food chain is low, but 

should not be neglected, though it is very complex to assess with to a satisfactory level of accuracy. 

Lamp breakage in the home is not a significant threat and can be prevented by simple precautionary measures 

(ventilating the room and avoiding vacuuming the mercury-containing powder). 

Emission considered in the 

End-of-Life CFL treatment  

Population 

exposed 
Acceptable thresholds 

Worst case scenario 

emission values 
Estimated risk 

Vapor mercury due to 

household lamp breakage  

Household 1 mg/m
3
 over several 

hours for AI 

0.5 mg/m3 Low 

Vapor mercury due to lamp 

breakage during collection  

Collection 

workers 

0.1 mg/m
3
 for CI 

 

1 mg/m
3
 over several 

hours for AI 

0.04 mg/m3 

 

0.18 mg/m3 

Low 

 

Low 

Vapor mercury due to lamp 

breakage during 

transshipment  

Transshipment 

workers 

0.1 mg/m
3
 for CI 0.035 mg/m3 Low 

Vapor mercury due to breakage 

of a whole post-pallet during 

transshipment handling inside 

a building 

Transshipment 

workers 

1 mg/m
3
 over several 

hours for AI 

> 1 mg/m3 at emission 

point 

< 1 mg/m3 at 3 meters 

from emission point 

Significant, but 

controlled with 

basic safety rules 

Diffuse vapor mercury due to 

lamp breakage in landfill  

Scavengers, 

neighboring 

households 

0.1 mg/m
3
 for CI 0.009 mg/m3 Low 

Peak vapor mercury due to 

lamp breakage in landfill  

Scavengers 1 mg/m
3
 over several 

hours for AI 

> 1mg/m3 at emission 

point over a few seconds 

and disseminated by wind 

Not signif icant 

Soil and water pollution due to 

washed out mercury from the 

landfill and to deposed 

airborne mercury emission  

Neighboring 

population, 

consumers 

0.5 µg/l in the water 0.3 µg/l Low (but should be 

monitored) 

Some basic mit igation measures are very efficient 
Based on these results, the only possible case of chronic or acute exposure concerns workers in a closed 

(unventilated) building, either for transshipment or at the treatment plant, where they would be directly exposed to a 
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large quantity of broken lamps. This would be worsened in the case of a separate collection system in which the 

lamps are concentrated. Basic ventilation and safety procedures would mitigate the associated risk. For example, in 

most existing MCL recycling plants, the operator works through screens or hermetic windows. Interventions close to 

the waste must be limited and follow specific safety procedures. 

The risk associated with water pollution is more complex. Obviously, pollution of ground water must be avoided. 

Pollution of a water stream would be limited due to the mercury being diluted by the flow of the water body. But if a 

water reservoir is involved (natural or man made), mercury can accumulate over time, contaminating the food chain. 

This particular case is site-specific and should be further analyzed when relevant. This issue should be considered 

when choosing the site of the facility, as well as other site characteristics that would help control the environmental 

impact, in particular good geological permeability, no ground water in low deep beds, and other water bodies under 

some conditions.  In addition, basic engineered landfill design is essential. A liner underneath will prevent soil 

pollution from most of the pollutants and avoid pollution of the ground water. Leachate is collected and evacuated 

(after treatment) to an environment where the risk is lower. These are actually basic requirements under most 

national environmental regulations.  

In general, for all the cases when the risk is low because lamp concentration is mostly low and mercury is freely 

released into the outdoor atmosphere, where it is rapidly diluted by wind, it can still be mitigated by good practice. 

In particular, some simple rules can help control the impact on the environment to ensure that exposure is minimal. 

For example, urban development (residential or business, except for the purpose of waste treatment) should be 

absolutely prohibited in the vicinity of the waste treatment facility. This is also a basic requirement under most 

national environmental regulations. To minimize the risk of exposure for the population, treatment sites (plants or 

landfills) should be built as far away as possible from existing human habitat, crops, livestock, water bodies, etc. 

and access to the site should be very strictly regulated and prohibited to the general public. 

The next step: mercury containment in EOL waste 
management 
The capture of mercury would reduce the risk even more in these cases. In an engineered landfill, this can be done 

with a biogas collection and flaring system and leachate evaporation treatment if it is equipped with activated 

carbon filter technology, which absorbs mercury. In an incinerator, the same activated carbon filter technology 

should also be installed for the same purpose. The activated carbon filter has to be disposed of in a hazardous 

waste landfill to avoid creating a new risk if the mercury is not properly sealed, which could lead to further 

uncontrolled emissions. 

Once mercury is contained, it can be recovered. Powders containing mercury are extracted from the bulbs (as in the 

previous solution), and then distillated to be recycled. Pure metal mercury is thus produced and can be reused. This 

requires a downstream market for mercury, which must also be controlled to avoid further dangerous emissions (for 

example, mercury use in gold mining must be prohibited). An advantage of this solution is that it reduces the 

quantity of primary mercury that needs to be extracted. 

Peripheral considerat ions 
It is also important to assess the potential for proper collection systems and their impact on the options presented 

above. MCL waste may be collected either separately (necessary for mercury extraction and mercury recovery) or 

together with municipal waste. Separate collection is based on container systems that can be transported as 

general cargo, and might take place as a ’lamps-only’ collection or with other hazardous waste collection either 

from private households (requires collection points) or businesses (where pre-crushing is also an option that can 

reduce the amounts that have to be transported), or with the collection of non-hazardous commercial waste. 

Furthermore, the treatment options listed above involve significant operational and capital expenses. The revenues 

potentially raised by the sale of recovered materials are not inconsiderable although they do not significantly alter 

the overall economic balance. Hence the MCL waste market is not financially sustainable and other funding sources 

are necessary to develop any of these treatment options. Some possible options include: 
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► General or local taxation, where collection and treatment would be handled by governmental bodies (local, 

regional or national), 

► Payment by the electricity utility, which would either incur all the costs as it would benefit from energy efficiency 

savings or transfer some of these costs to the customer, at which point various billing options are possible 

(billing the heaviest users only, flat-rate service fee, etc.), 

► enforcement of an eco-tax, as increasingly introduced in developed countries, mostly in Europe in the form of a 

contribution from lamp manufacturers who as major beneficiaries of CFL market growth may contribute directly 

or indirectly to the development of a waste management scheme, similar to that implemented through the 

Extended Producer’s Responsibility scheme in Europe. 

Comparative assessment of EOL waste management 
opt ions 
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There are many options for managing MCL waste. In the following table, three specific treatment options have been assessed: an engineered landfill, incineration and a 

mercury recycling facility, based on a set of criteria, mainly: 

► Mitigation of the mercury risk and emission reduction potential, i.e. the potential benefit of the solution from the environmental and health points of view; 

► Overall feasibility, including the regulatory framework, the operational capability and the financing that would be necessary; 

► Peripheral considerations such as the collection scheme that would be required to implement such an option or additional benefits such as mitigation spillover and/or 

revenue generation 

 

Criteria Engineered landfill Incineration Mercury powder extraction and/or 
recycling 

Potential for 

reducing 

mercury 

emissions  

In a normal engineered landfill, emissions are not 

reduced. 

Emissions at the facility can be reduced by 50% 

(through biogas and leachate treatment with advanced 

filter technology). 

Emissions during DSW* collection and at the time of 

or shortly after disposal, about 50%, cannot be 

reduced. 

Emissions can be reduced by 20% in a normal incinerator, 

and by 90% in a state-of-the-art incinerator (with advanced 

filter technology) 

In addition, emissions during DSW* collection, about 30%, 

cannot be reduced. In the case of hazardous waste or 

separate collection, emissions are about 10%. 

Emissions in a recycling facility are only 1%. 

In addition, emissions during collection (separate 

scheme) are about 10% (from accidental breakage). 

With proper handling, breakage and resulting 

emissions can be reduced. 

Risk mitigation Low risk from airborne emissions, and even mitigated 

for the surrounding population compared to 

uncontrolled landfill  

Ground water pollution avoided by waterproof lining 

Open water pollution avoided in the case of an 

evaporation-based leachate treatment 

High risk in the case of a separate scheme due to lamp 

concentration 

Very high risks if poor O&M 

Filters must be stored in hazardous waste landfills or 

exported 

High risk due to lamp concentration 

Effective risk mitigation if normal safety procedures 

applied (contingency plans, proper ventilation) 

O&M issues  High skills not required 

Proper site location recommended for maximum 

mitigation 

High-tech facilities requiring highly competent operators 

Negative social impact due to loss of work for waste 

scavengers 

24/7 electricity supply must be ensured 

Simple facilities based on one high-tech machine 

Requires air management and/or treatment and proper 

safety protocol in case of breakage 

Regulatory 

requirements  

Enforcement of basic national waste management 

policies and regulations 

Strict regulation & control of incineration 

Provisions for hazardous waste landfills or filter export 

possibilities 

Strict regulation & control of glass management (e.g. 

prohibition for reuse in food packaging) 

Provisions for hazardous waste landfills or mercury 
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Criteria Engineered landfill Incineration Mercury powder extraction and/or 
recycling 

Provisions for employment of scavengers in sorting plants 

would be an advantage. 
export possibilities for the mercury powders (if not 

recycled) 

Strict regulation on the mercury market if sale of 

recycled mercury 

Economics  Low CAPEX and OPEX 

MCL in landfills actually comes at very little extra cost 

since landfill would be built for wider purposes 

(municipal waste) 

High CAPEX, sustainability of funding is crucial to maintain 

O&M 

MCL in incineration actually comes at very little extra cost 

since incinerator would be built for wider purposes 

(domestic or hazardous waste) 

Average CAPEX and high OPEX, with high variability in 

marginal costs depending on the market size and the 

plant capacity (factor of 1 to 5 from the lowest to the 

highest capacities)  

Recycling equipments specific to MCL  

Sustainability of funding crucial to maintain O&M 

Collection 

requirements 

Domestic Solid Waste collection Domestic Solid Waste, Hazardous Waste, or separate 

collection, depending on the incinerator category 

In case of activated carbon filters, avoid waste-compacting 

trucks to maximize amount of mercury recovered at the 

treatment facility 

Separate collection, requiring proper handling to avoid 

breakage (training for workers needed) 

Pre-crushing is relevant for business users 

Additional 
benefits 

Widespread environmental benefits compared to an 

uncontrolled landfill 

Potential for biogas and leachate treatment to recover 

mercury 

Limited emissions with proper filter technology 

Minimal land occupation 

Recycling and resale of glass and metals, in addition to 

mercury, with somewhat relevant potential revenues 

Mercury is completely recovered and re-injected into 

the market, reducing the quantity of mercury that 

needs to be extracted globally 

*DSW: Domestic Solid Waste 
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Focus on SSA: the issue in figures 
The main drivers of End-of-Life CFL flows are electricity demand (driven by demographics and infrastructure efforts 

to increase the electrification rate), household equipment rates and the lifespan of CFLs. Market penetration of 

fluorescent lamps is also driven by customer awareness on energy efficiency, equipment acceptance and tariff 

levels, which are mainly influenced by specific government programs and campaigns to promote energy 

conservation. 

The total stream flow of End of Life CFLs in SSA is estimated at 60 million units per year by 2020 (median value of a 

simulation based on variables with a low end of 11 million units per year and a high end of 105 million units per 

year), with significant variations from one country to another, mostly depending on population and electricity 

coverage. Together, Nigeria and South Africa represent about half of that market potential. 

 

Decision-makers in SSA are aware of the sanitary and environmental issues related to waste and of best practices, 

and especially of what is being done in Europe. However, they also point to systemic difficulties that are interlinked 

within a complex web of technical, financial and cultural intricacies. Regulations sometimes exist but are rarely 

properly enforced. A global lack of financial means results in inadequate investment. Authorities also have few 

qualified agents to work both in offices and in the field. They therefore focus on emergencies with little or no longer-

term planning. Furthermore, infrastructure is inadequate in some cases: waste collection and proper operation of 

facilities are impeded by poor transportation and electricity infrastructure. 

The African continent is experiencing rapid urbanization combined with development growth that add to the strain 

on its inadequate infrastructure, and has adverse effects on an already poor Solid Waste Management system. 

Roadside dumping and uncontrolled landfilling with open-air burning (sometimes within city limits) are frequent and 

put a huge strain on air and water quality. However, existing examples, some success stories and some failures to 

learn from show that high-potential initiatives for waste management exist and could flourish if they are adequately 

sponsored by the authorities and funded by international institutions, thus creating an adequate framework for 

success with a positive economic, social and environmental impact. The following table summarizes the feasibility 

of the treatment options mentioned above for the countries studied. 

 

 

Country  Engineered landfill  Incineration Mercury powder extraction Recycling 

Nigeria  Relevant: As an 

improvement on current 

practices  

Not relevant: critical 

governance and O&M 

issues 

Not relevant: governance 

issues for hazardous waste 

landfills 

Relevant: Suitable 

market size. 

Consortium and 

stakeholder 

contributions 

required.  

26 607

105 212

4 194
10 977

0

25000

50000

75000

100000

125000
SSA

EoL CFLs flow projection (thousands/year)

High range

Low range

2020 Average : 58 m

EoL CFLs per year
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Senegal  Relevant: As an 

improvement on current 

practices 

Not recommended: 

Regulation is weak; O&M 

issue 

Not relevant: Market size 

not suitable 

Not relevant: Market 

size not suitable 

Mali  Relevant: As an 

improvement on current 

practices; density issue 

Not recommended: 

Regulation is weak; O&M 

issue 

Not relevant: Market size 

not suitable 

Not relevant: Market 

size not suitable 

Ethiopia  Emerging: As an 

improvement on current 

practices 

Not recommended: 

Regulation is weak; O&M 

issue 

Not relevant: Engineered 

landfills are just appearing, 

hazardous waste landfills 

will take time 

Partly relevant: 

Market size is 

suitable, but 

organization and 

regulation might not 

be strong enough 

South 
Africa  

Already exists Partly relevant: existing 

engineered landfills already 

provide mitigation; 

regulation seems strong 

but 0&M might be an issue  

Relevant: Market size, 

regulation and organization 

are OK. Prior hazardous 

waste landfill required. 

Relevant: Market 

size, regulation and 

organization are OK. 

The bigger picture 
It has been shown that the emissions related to CFL waste management in SSA, both in the short term and in the 

long term, are much lower than other sources of mercury emissions, and in particular that CFLs strongly contribute 

to overall mercury emission reduction from electricity generation in coal plants.  

► The contribution of end-of-life CFLs to total mercury emissions in SSA is much lower than emissions from other 

activities (e.g. gold mining and coal power plants). CFL-related mercury emissions in SSA are more than 25 

times lower than coal power plant mercury emissions in South Africa alone and 250 times lower than mercury 

emissions from gold mining in SSA. Even in the case of a large rise in CFL use in SSA (high-end estimates 

attained if all SSA countries achieve their national targets for electricity coverage), 2020 CFL-related emissions 

would still be 10 times lower than coal power plant mercury emissions in South Africa alone and 100 times lower 

than mercury emissions from gold mining in SSA. 

► Reductions in energy consumption due to the substitution of traditional bulbs with CFLs may lower mercury 

emissions from coal power plants, depending on each national context. In the United States, mercury emissions 

avoided from national electricity generation by CFL-induced energy efficiency are higher than direct mercury 

emissions from CFLs (cf. graph below). In South Africa, based on a similar case with conservative assumptions, 

mercury emission reductions are even greater: a 13 W CFL with an 8,000-hour lifespan replacing a 60 W 

Incandescent Lamp (IL) would avoid 12 mg of mercury emissions over its lifetime. 

 

 as a result of this analysis, and because SSA is faced with many other pressing environmental and sanitary hazards, 

it is tempting to set aside the management of mercury-related hazards stemming from MCL waste, it is still highly 

recommended to promote strong and sustainable market penetration of readily available high-quality MCLs with 

reduced amounts of mercury per MCL and a longer lifespan, either through direct regulation (setting high reference 
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standards ) and/or by raising public awareness (including energy efficiency education campaigns or the 

mobilization of opinion leaders). With regard to the advent of mercury free technologies, decision-makers should 

keep an eye on developments in LED technology and anticipate an eventual market shift, although this is not 

expected to happen in the next few years. 

It is also important to consider the following: 

► The improvement of overall waste management practices will have a positive impact on MCL end-of-life 

management; 

► The improvement of monitoring, specifically the lighting market (including imports), waste flows and mercury 

levels, is a prerequisite to an efficient management policy; 

► The improvement of mercury regulation and hazardous substances in general will create the right incentives for 

the development of an environmentally virtuous economy. 
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1 Introduction 

1.1 Mercury Lamp technologies 
A mercury-containing lamp is an artificial light source that uses mercury in an excited state. The arc discharge is 

usually situated in a small arc tube made of fused quartz which is put in a larger glass bulb. This outer bulb is used 

for a protection from ultraviolet radiation and for thermal insulation. Mercury vapor lamps are wide spread in 

different regions of the world, as they can serve for a long time and they produce an intense lighting needed for 

many industrial and domestic purposes
1
. 

The most common lamps containing mercury and available on the international market are listed below. 

► High pressure mercury-vapor lamps. This is the oldest type of high pressure lamp, and is being replaced in most 

applications by metal halide and high pressure sodium lamps.
2
  

► High-intensity discharge (HID) lamps. The first generations of these lamps used mercury vapor. Mercury vapor 

lamps are falling out of favor and are being replaced by sodium vapor and metal halide lamps.1 

► Fluorescent Lamps (FL). Nowadays, those are the most widely available technology to replace inefficient 

Incandescent Lamps (IL). They came into use in the mid-1970s in response to the 1973 oil crisis. The quality of 

FLs has been improving for both lifespan and mercury content. Two types of FLs are to be considered: 

o  Compact Fluorescent Lamps (CFL). For residential lighting mostly. 

o Fluorescent Tubes or Tubular Lamps (TL). Used mostly by industries (warehouses, factories…), with 

a higher wattage than CFLs. 

 

                                                                        
1
 http://en.wikipedia.org/wiki/Mercury-vapor_lamp 

2
 http://en.wikipedia.org/wiki/Mercury-vapor_lamp 
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Figure 1: composition of a generic mercury-containing fluorescent lamp
3
TLs and CFLs account for most of the 

volume of mercury lamps today, but reliable market data for TLs were not readily available. Only data on the CFL 

market were collected and used for the market study. 

On the global market, CFLs are rapidly replacing ILs, although ILs are still dominant compared. China is the world 

leader in lighting manufacturing, while distribution is dominated by OSRAM and Philips (see box below). 

Box: Key figures for the international lighting and CFL market 

 In 2006, Worldwide CFL production was 3 billion units. 80% of these were produced in China.   

 In 2006, IL worldwide production was around 13 billion units. China made 33% of these IL.  

 2010 CFL worldwide production is set to reach 4 billion units (perhaps more).  

 A ban on IL in Europe (2012) and the USA (2014) suggests that production will be over 10 billion units in 2020. 

 Philips and OSRAM account for more than 40% of the worldwide lighting market today. 

1.1.1 Compact Fluorescent Lamps (CFL) 

There is no international label, standard or testing program on CFL to guarantee quality, but certification exists, 

such as the scheme promoted by the Efficient Lighting Initiative. But in general, no data were identified on the 

average quality of CFLs, which would require in-depth research. 

 

CFLs can be classified according to their quality in 4 different groups of products (hereafter called market 

categories). High quality CFLs last longer and are therefore disposed of later, which implies lower annual amounts of 

mercury to be managed from End-of-Life bulbs. 4 

 

Figure 2 (Source: USAID): Categories of CFLs 

Most programs financed by International Financial Institutions (IFIs), such as the World Bank, distribute high-quality 

CFLs5, which contain less mercury, thus limiting the potential impact on human health. But apart from these large 

promotional programs, lower quality technology is so far the most commonly available from retailers in developing 

countries. 

The mercury content is not considered as a technical specification for Fluorescent Lamps, but the main 

manufacturing companies (OSRAM, Philips, etc.) aim, as a voluntary environmental-friendly measure, to reduce 

                                                                        
3
  http://2.bp.blogspot.com/_1p20WdeXKKs/Sol8-Yv5QxI/AAAAAAAAFuM/JkRAWju9sqs/s1600-h/FluorescentLamp.png 

4
 CFL Quality harmonization in Asia by USAID 

5
 http://www.efficientlighting.net/ 



Introduction 

Study of Mercury-containing lamp waste management in Sub-Saharan Africa | 19 

mercury use to the lowest technically feasible amount. In the United States, the mercury content in a 4 feet FL was 

reduced by four, from 48 mg to 11.5 mg, between 1985 and 1999
6
, and a CFL usually contains nowadays less than 

3 mg of mercury. 

1.2 Promotion of energy efficient lighting 
There has been a significant effort by the World Bank to promote energy efficiency in response to the recent power 

crisis, oil price volatility and climate change, with the ultimate goal of increasing access to electricity, making energy 

affordable to the poor and ensuring the financial sustainability of utility companies. 

One important intervention supported by the Bank includes the large-scale deployment of energy-efficient lighting 

considered as offering the best returns, with fast-track measures to reduce electricity consumption and peak load. 

Despite their undoubted benefits, fluorescent lamps may raise concerns regarding their End-of-Life, as they contain 

mercury. The issue of mercury in CFLs has been raised many times by decision makers and partners in the course of 

Bank operations. The Bank has been asked for advice on how to deal with the proper disposal of mercury. So far, the 

limited experience in developing countries has not been sufficient to identify best practices or to offer relevant 

advice or replicable experiences.  

In addition, information has begun to circulate through the media and civil society about the dangers of CFLs, 

raising concerns among the end-users and generating negative publicity for this energy-efficient lighting 

technology. But this information does not appear to be backed up by reliable studies and data, so that proper 

statements on the actual dangers of CFLs are therefore necessary. 

1.3 Objectives of the study 
With regard to the development of CFLs and their large-scale deployment in Sub-Saharan Africa (SSA), the main 

objectives of the study were: 

► To provide the World Bank with a sound assessment of the health risks raised by CFL distribution programs in 

Sub-Saharan Africa, based on a generic risk assessment to human health and a coherent estimation of the CFL 

market in SSA (current and projected); 

► To provide the World Bank with a range of options for the management of end-of-life CFLs in Sub-Sahara Africa 

that can be used as a toolkit to easily identify the best management options, taking into account national 

contexts, potential health risks and technical and financial feasibility. This was based on a study of possible 

scenarios for the management of End-of-Life (EoL) Mercury-Containing Lamps (MCLs) in SSA, with elements for 

the evaluation of their relevance based on their feasibility and on their impact in terms of risk mitigation. 

 

                                                                        
6
 Environmental Impact Analysis: Spent Mercury-Containing Lamps, NEMA – 2000 



 

 

2 The CFL market  
The market study aims to provide an overview of the market for mercury-containing lamps (MCL) in Sub-Saharan 

Africa (SSA) and thus estimate the potential annual flow of end-of-life (EoL) MCL. The annual flow, defined country 

by country, is an input parameter for the risk assessment as it defines the quantity of mercury potentially released to 

the environment. How this annual flow evolves within the next decade is also an important matter, as it provides 

figures at a timescale that is consistent with the development of waste treatment schemes. 

The market study results are presented country by country, with a final compilation to provide total SSA figures for 

the 2009 – 2020 period. As there is very little reliable information on lamp volumes and electrification trends in 

SSA, we defined ranges of values rather than exact values, thus providing a low value and a high value for each 

country and for the whole region. 

The current market was studied first, based on web research and on data and documents provided by the World 

Bank. Evolution parameters to be considered at national levels were then defined through interviews with World 

Bank representatives. These parameters and their evolution were collected from African Infrastructure Country 

Diagnostic (AICD) documents, and used for market forecasting. Consistency was checked with planned CFL 

distribution programs and through interviews with World Bank representatives. 

2.1 Current SSA CFL market 

2.1.1 Key figures  

The size of the market is directly dependent on the electrification rate, which is still low in SSA7. A handful of 

countries accounts for most of the regional CFL market (a further volume estimation is provided in section 2.3).  

► South African and Nigerian markets are estimated to account for up to 50% of the SSA market 

► The Nigerian Government estimates that Nigeria will need a total of 50 million CFLs in the next few years (2009-

2012).
8
  

► 16% of SSA population has access to an electricity grid, equivalent to 130 million individuals.
9
  

► As a comparison, 400 million CFLs were sold on the Chinese market in 2006.
10

  

Information on quality and manufacturing origin is not available at the national level for SSA countries, except for 

South Africa, for which Philips and Osram together account for more than half of the market.  The only 

manufacturing plant identified in the region (SSA) was established in Lesotho by Philips; production should reach 

15 million CFLs/year and will primarily supply the South African market. 

                                                                        
7
 Between 10% and 22%, depending on the estimated number of unregistered customers. 

8
 CFL Nigerian government program 

9
 World Bank 2008 

10
 Project Identification Form UNEP/China: Phasing out Incandescent Lamps & Energy Saving Lamps Promotion 
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Figure 3 (Source: Frost & Sullivan): Breakdown of CFL manufacturers in South Africa 

2.1.2 CFL distribution programs in Africa 

Around 20 million CFLs were distributed in SSA in the past 4 years through different promotional programs (i.e. 

excluding voluntary practice). For the future, 62 million CFLs are planned to be distributed in the next 3 years by 

governmental or international programs. 

Country Number of CFLs Financing source Distribution period 

Rwanda 0.8 million World Bank 2009 

South Africa 18 million GEF-Eskom 2004-2008 

Southern Africa11 40 million Electricity Companies 2010-2012 

Senegal 1.5 million World Bank, AFD 2009 

Senegal 3.5 million SENELEC 2009-2011 

Ethiopia 11.3 million Word Bank 2008-2011 

Mali 1 million World Bank 2009-2014 

Benin 0.35 million GEF-World Bank 2009-2012 

Uganda 0.8 million World Bank 2008 

Nigeria 1 million Nigeria Gov. 2009-2012? 

Togo 0.4 million GEF-CEET 2009-2012 

Ghana 4 million/year CDM-ONU 2009 

Kenya, Uganda, Rwanda, 
Burundi, Tanzania 

7.5 million GEF-UNEP 

UN-HABITAT 

2009-2014 

Table 1: CFL distribution programs in SSA identified during interviews and documentary review 

                                                                        
11

 These data refer to a Southern African Development Community (SADC) initiative called SAPP (Southern African Power Pool), which is a cooperation platform 

for Power Utilities. Note that the distribution period (2010-2012) does not overlap with the 2004-2008 distribution period in SA : these are two distinct 

programs. SADC members are Botswana, Mozambique, Malawi, Angola, South Africa, Lesotho, Namibia, Democratic Republic of the Congo, Swaziland, 

Tanzania, Zambia and Zimbabwe. 
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Except for the Eskom initiative in South Africa, the main CFL distribution network in SSA is made up of publicly 

financed distribution schemes, either by national utilities or under programs financed by IFIs. These programs use 

high quality standards, so we can assume that most of the African CFLs are High Quality CFLs with a lifespan of 3 or 

4 years12 or higher: for example, the World Bank is promoting CFLs with a 7-8 year lifespan. 

The list of national CFL distribution programs presented above does not allow an exact quantification of all CFLs 

available on the market and their distribution timelines, which are key to the volumes of waste that will emerge at 

the end of the value chain. Therefore, another approach to market volume estimation has been preferred based on 

market drivers. 

2.2 SSA CFL market project ion 

2.2.1 Factors driving CFL market development 

Given that there is no reliable system to monitor the lighting market in Africa, whether lamp production in SSA or 

lamp imports, collecting reliable and representative data on the national and regional markets would be very 

complicated and time-consuming. Instead, we propose an estimated projection of the CFL market and CFL waste 

production using a relatively coherent and simplified model based on only few factors: rate of access to electricity, 

lighting consumption per household and the lifespan of the technology. Basically, the estimated quantity of CFLs 

discarded every year can be broken down as follows: 

► “How many lamps are installed?” i.e.: 

– How many households have access to electricity? 

– How many CFLs are installed per household? 

►  “How long does a lamp last?” 

The CFL waste flow in SSA is therefore simplified by the equation below. This equation applies with a time-lag equal 

to the lifespan: if a lamp lasts 6,000 hours and is used 4 hours a day on average, it is discarded 4 years after it is 

first installed.  

 

Waste flow 

(measured in 

number of CFLs) =  

Number of households x Electrification rate x Number of CFLs per household 

(measured in number of CFLs) 

 

Lifespan (measured in time)  

 

Future waste flow trends were modeled with the aim of providing long-term data that can be used in phase 3 of the 

study, when defining possible treatment solutions and assessing their feasibility. Using long-term data is consistent 

with the timescale for the creation or improvement of a waste management scheme. The values used for the 

modeling exercise are realistic data from different official sources and interviews13. 

Current (2009) data were estimated as follows. World Bank surveys provided the number of households per country 

with access to electricity and the number of CFLs per household. Electrification data were cross-referenced with WDI 

(World Development Indicators) and AICD data on population and electrification rates, either to complete missing 

data or to check consistency. The model ran with a low estimate and a high estimate for the electricity access rate 

(depending on the source: WB surveys or WDI and AICD database). Two values were therefore recorded in the 

modeling tool. For simplification purposes, a single average lifespan of 4.5 years was considered for 200914. 

A similar approach was used for future data. Change in the number of households with access to electricity (i.e. 

Number of households x Electrification rate) was based on AICD 10-year projections, which provide low and high 

                                                                        
12

 CFL Quality harmonization in Asia by USAID 
13

 excluding data on electrification access provided by the governments as they are considered by the AICD as too optimistic. 
14

 Estimate based on the different types of CFLs used in SSA in 2009. World Bank surveys show an average use of 1,000 hours per year (or 3 hours per day). The 

estimate for the current lifespan is based on the assumption that half of current CFLs are poor-quality lamps distributed by retailers (3-year lifespan) and half of 

CFLs have a longer lifetime (8,000 to 10,000 hours), suchas those distributed via promotional programs. 
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estimates. Change in the number of CFLs per household, with low and high estimates, was assessed through 

interviews with World Bank representatives and according to national surveys15. Change in lifespan was assessed 

from interviews with World Bank representatives, so as to take into account an improved lamp lifespan as 

demanded by IFIs for promotional programs and possible stagnation of the lifespan of lamps provided by retailers. 

The following table summarizes the parameters used for modeling, the values considered for these parameters in 

2009 and 2020 (figures are given only if a total average is used for SSA), and the sources used to set these values. 

Parameter Year Value Sources 

Number of households with 
access to electricity 

2009 Different sources produce 
different values used to set low 
and high values country by country 

AICD 
WDI 
WB surveys (domestic and 
utilities)16 

Change in the number of 
households with access to 
electricity 

2020 Set country by country 

Low value = Growth of electricity 
demand17 (no increase in the 
electrification rate) 

High value = Growth of electricity 
demand + Increase in 
electrification rate as deemed 
optimistic yet reasonable by 
AICD18 

AICD
19

 

Number of CFLs per 
household

20
 

2009 Low value = 1 

High value = 3 

Estimation based on WB 
surveys and interviews 

2020 Low value = 3 

High value = 6 

Estimation set through 
interviews with WB 

Lifespan of CFLs 2009 Average value = 4.5 years USAID 
WB surveys and interviews 

2020 Low value = 6 years 

High value = 9 years 

Estimation set through 
interviews with WB 

Table 2: Parameters used for market projection modeling 

2.2.2 CFL waste flows for 2009-2020 

According to our calculations, SSA EoL CFL waste flows are estimated to reach 10m/y to 100m/y in 2020. The large 

variation of ranges for possible waste flows in 2020 is due to uncertainties regarding lifespan (which ranges from 6 

to 9 years), market penetration (from 3 to 6 CFLs per household), and the growth rate for electricity demand (from 

0% to 70%, the highest rate is that deemed optimistic yet reasonable by AICD). The average scenario would be that 

                                                                        
15

 Surveys provide data per social category (high, mid and low incomes). These show that when low-income households have an average of X lamps (per 

household), mid-income households have X+3 and high-income households X+6. The high estimate for 2020 is based on a scenario where each social category 

reaches the current status of the upper one within the decade: low-income households would then have X+3 lamps, mid-income households X+6, and high-

income households X+9, at the same rate of increase. This leads to an average of 3 extra CFLs per household, as shown in the table. 
16

 SSA low and high averages were used to complete missing data for Comoros, Equatorial Guinea, Mauritius, Mayotte, Seychelles and Somalia. These 

countries account for less than 1.5% of the total SSA values 
17

 Growth in e demand covers both demographic growth and increased individual electricity consumption 
18

 This value for the increase of the electrification rate is set to one percentage point per year at a regional level. A higher value, called the “National Target”, is 

provided by AICD. This value is set by national governments. It was not used in this modeling exercise as AICD consider it unrealistically optimistic 
19

 Low and high averages were used to complete missing data for Comoros, Eritrea, Mayotte, Santo Tome e Principe, Seychelles, Somalia and Swaziland. These 

countries account for less than 2% of the total SSA values 
20

 In many countries, as per World Bank surveys, households with access to electricity have around 5 lamps (all types) on average. In some countries, this figure 

may be lower or higher. It is expected that in 2020, households will be able to afford more lamps, and at the same time, CFL awareness will be greater. 
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potential CFL waste flows in Sub Saharan Africa could reach 60 million in 2020, taking into account various growth 

dynamics, changes in consumer awareness, the economy, infrastructure networks, etc. 

The following charts show the results for Sub-Saharan Africa and a selection of countries (average trend shown by 

the yellow arrow with indication of the 2020 average value). Some countries have been selected to illustrate the 

variety of market sizes and similar trends, as shown in the figure below. 

 

Figure 4 (Source: Ernst & Young): Diversity of End-of-Life CFL flows in SSA –2009 - 2020 
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Figure 5 (Source: Ernst & Young): Estimated End-of-Life CFL flows in SSA –2009 - 2020 
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Significant differences exist between countries. Nigeria (18m/y)21 and South Africa (9m/y) are by far the two 

biggest potential markets in Africa, due to their population and high electrification rate. The third potential market 

is Ghana with 3.5m/y, closely followed by Sudan and Ethiopia (3.2m/y and 2.9m/y). On the lower side, countries 

like Rwanda have small markets (250,000 EoL CFLs/year only). The average market by country is 1.2m/y with a 

standard deviation of more than 200%.  

 

The risk analysis presented in Section 3 is based on the high-range values to take the worst-case scenario into 

account. The national EoL CFL market size is an important factor for waste management solutions. The analysis in 

section 5, which is provided for guidance, is based on this model, but an in-depth feasibility study should be 

conducted based on more exact values. 

 

 

                                                                        
21

 The Nigerian simulation may be overestimated due to the high electrification rate considered (ranging from 12 to 41% at present, as per World Bank surveys). 



 

 

3 Health impacts of CFL waste 

3.1 Fundamentals of mercury hazards 

3.1.1 Two types of intoxication 

 

Mercury (Hg) is a highly toxic element that is found both naturally and as an introduced contaminant in the 

environment
22

. The toxicity of mercury depends on its chemical form (elemental/metallic mercury or organic 

mercury) and on the route of exposure (ingestion or inhalation). It has been proven that ingestion of organic 

mercury, bioaccumulated in the food chain, is the most toxic
23

. The second worst way of intoxication is inhalation of 

elemental mercury vapors. The main hazard for human health is the potential impact on the nervous system. 

3.1.2 Intoxication by inhalation of elemental mercury  

According to the German Environmental Protection Agency (UBA), mercury vapor can cause both acute and chronic 

poisoning24 through inhalation. The following descriptions of effects on human health are taken from this source. 

Acute poisoning by metallic mercury, often caused by inhalations of mercury vapor, result in nausea (sickness), 

inflammations in the oral cavity and the respiratory tracts in combination with dyspnoea (breathlessness), drooling 

and haemoptysis (coughing blood). Symptoms in the affected organs are asthenia (feebleness), lalopathy (speech 

disorder), apraxia (movement disorder), anuresis (reduced production of urine) and kidney failure. 

Characteristic symptoms of chronic poisoning by metallic mercury are tremors (starting with the fingers, lips and 

eyelids), erethism (abnormal urge to move), both caused by damage to the central nervous system (CNS), and 

trench mouth. Additionally, damage to the peripheral nervous system and the kidneys may be observed. 

3.1.3 Poisoning by organic mercury through water pollution 

Acute poisoning by organic mercury starts with paraesthesia (tingling sensation on the skin) followed by limitations 

in the field of vision, lalopathy (speech disorders), defective hearing and ataxia (disorder in the coordination of 

movement). Severe poisoning leads to coma and death. The latency period (i.e. the period of time until symptoms of 

poisoning appear) ranges from several weeks to months for acute organic mercury poisoning, depending on the 

quantity of organic mercury consumed. Symptoms of chronic poisoning by organic mercury are the same as for the 

acute poisoning, with a steady transition to severe damage.  

As plants absorb only very small amounts of elemental mercury while aquatic microscopic organisms absorb 

elemental mercury and transform it into methylmercury, the most dangerous scenario is uncontrolled emission of 

mercury into water bodies and transmission to fish. 
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 http://www.usgs.gov/themes/factsheet/146-00/ 
23 

Once released to the environment, mercury is bioaccumulative. Bioaccumulation is defined as an increase in the concentration of chemicals (usually toxins) 

in the tissues of organisms with each level in the food chain. Bioaccumulation (based on Saunders Comprehensive Veterinary Dictionary, 3 ed. © 2007 Elsevier, 

Inc.) 
24

 UBA: Substance monograph mercury: Reference and human biomonitoring values, 1999 

Box: Basic mercury chemicals 

Mercury (Hg) is the only metal which is liquid at room temperature, as its melting point is 234.32 K (-38.83 °C). Although its 
boiling point is 629.88 K (356.73 °C), it partly vaporizes if liquid mercury is released to the atmosphere. A saturated 
atmosphere at 20°C has a mercury content of 14 mg/m³. In comparison, the maximum mercury content allowed in workplaces 
in Germany is 0.1 mg/m³. 
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Assessing actual water pollution is extremely complex since many parameters have to be taken into account, 

including settling, absorption by living organisms, concentration gradients, etc.  

3.1.4 Mercury concentration thresholds 

Countries and international organizations have established acceptable thresholds of air and water pollution. Some 

examples are provided below. 

► Air pollution – chronic poisoning (long-term exposure): 

o 0.1 mg/m3 is the maximum mercury content allowed at workplaces in Germany 

o 0.05 mg/m3 is the limit allowed at workplaces in Switzerland, France
25

 and other countries 

o WHO advises a maximum allowable concentration (MAC) in ambient air of only 0.015 mg/m3 

► Air pollution – acute poisoning (sporadic exposure): 

o No standards or norms have been identified for the acute poisoning threshold 

o A threshold of 1 mg/m3 was used for this study, based on an INRS toxicological noteError! 

Bookmark not defined. indicating that acute toxicity in human appears after exposure of several 

hours in an atmosphere with a mercury concentration of 1 to 3 mg/m3. 

► Water pollution: 

o 0.5 µg/l is the acceptable threshold defined in Germany for mercury concentration in water 

bodies in which fishing takes place
26

 

3.1.5 Main historical cases of mercury pollution 

Most contemporary knowledge about the long-term effects of mercury poisoning has its roots in two environmental 

disasters: The Minamata catastrophe (Japan) discovered in 1956 and mercury poisoning in Iraq in 1971. 

In Minamata (and subsequently in Niigara, Japan) a chemical plant discharged its unfiltered waste water into 

Minamata Bay. The waste water contained a high portion of methylmercury that accumulated in the fish over the 

years and caused methylmercury poisoning of the population in the region who consumed fish, the so called 

Minamata disease. According to the Japanese National Institute for Minamata Disease, there are 2,265 officially 

certified victims of the outbreak in Minamata, 1,784 of whom have already died. 

In Iraq, seed grain treated with methylmercury was used by accident for bread production. This incident was 

different from the one reported in Japan as people were exposed to higher concentrations of methylmercury for a 

shorter time. In Iraq, 6,350 cases of methylmercury poisoning were reported, 459 of which were lethal. 

 

A CFL contains a small amount of elemental mercury, which is released to the atmosphere when the lamp breaks, 

exposing the environment and human beings to potential mercury hazards. CFL-related intoxication has only been 

reported at the manufacturing stage, in particular numerous cases of mercury poisoning among workers in CFL 

manufacturing in China, due to exposure throughout the production process. If health and safety rules and 

equipment handling procedures are not properly applied in factories, mercury vapor can be inhaled by workers, 

causing chronic or acute poisoning. This part of the risk associated to manufacturing is not analyzed in this report, 

which focuses on End-of-Life (EoL) fluorescent lamps. 
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 French INRS (National Institute for Research and Safety) toxicological note on mercury (Fiche Toxicologique n°55, Edition 1997) indicates that acute toxicity 

to human has been identified to appear after exposure of several hours in an atmosphere with a mercury concentration of 1 to 3 mg/m3 and that chronic 

toxicity (8 hours a day, 200 days a year) appears with a mercury concentration of about 0.06 to 0.1 mg/m3. 
26

 Niedersächsischer Landesbetrieb für Wasserwirtschaft und Küstenschutz: Gewässergütebericht 2003 für das Flusseinzugsgebiet der Rhume 
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3.2 Mercury emissions from EoL FLs 
Mercury emissions from a FL occur only when the lamp breaks – as long as the lamp remains intact, the mercury 

confined inside the bulb. Once a lamp is broken, the mercury contained in the lamp is not all released at once to the 

environment, but released slowly by vaporization.  

In 2004, the New Jersey Department of Environmental Protection published a project summary, in which emissions 

from broken End-of-Life fluorescent lamps over time were closely investigated27. Mercury concentrations were 

measured for a period of 340 hours after breakage and mercury release functions were derived for three different 

temperature levels, as mercury vaporization depends very much on the temperature. For the purpose of this study, 

we recalculated the functions producing the release curves published. The following figure shows the emission trend 

for the Philips 4-foot Econowatt F40 CW/RS/EW, 0 8E lamp used in the trial.  

 

Figure 6 (Source: Aucott et. Al.): Mercury release over time from broken fluorescent lamps at different temperatures  

The emission model presented in this report is based on the two main factors that influence mercury emissions: 

time and temperature. For the purpose of simplification, we will consider that the experiment conducted by the New 

Jersey Department of Environmental Protection provides a good simulation for any type of FL used in the model. 

3.3 Business as usual: Risk assessment for a worst-case 
scenario 

3.3.1 Scenario parameters 

General assumptions 

It is not possible to provide an overall quantitative answer to what the risk to human health is, as each case is 

different, depending on parameters related to each site and waste management option. We therefore chose to 

study a worst-case scenario so as to define a “maximum risk” and evaluate its acceptability according to 

international standards. This scenario describes the disposal at a landfill – which is the BAU scenario for SSA – of 

lamps collected in one city where the projected EoL FL market is expected to be one of the largest in SSA. 

The hypothesis is based on the example of Johannesburg in South Africa, with 3.9 million inhabitants in 200728 (the 

largest city in the country by population and the third largest in SSA29), where the Municipality operates 6 landfills 

(2003 data) through city-owned Pikitup30. The high-range 2020 projection gives an estimation of about 0.3 EoL CFL 
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 Michael Aucott, Michael McLinden, and Michael Winka, Release of Mercury From Broken Fluorescent Bulbs 
28

 http://www.joburg-archive.co.za/2009/pdfs/annual_report/ar20078.pdf 
29

 http://en.wikipedia.org/wiki/List_of_metropolitan_areas_in_Africa_by_population 
30

 http://www.joburg-archive.co.za/city_vision/annualreport2002-03/chapter14.pdf provides data on waste management in Johannesburg, the largest city in 

South Africa (ZA being one of the largest - and most reliable - potential markets for long-term perspectives).  
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per inhabitant per year (see section 2), which would generate about 1 million EoL CFL units per year in 2020 for the 

entire city. On average, each of the 6 landfills would receive 170,000 EoL CFLs per year, considering that 100% of 

these are actually collected. For the purpose of this exercise, the worst-case scenario  is taken as the disposal of 

500,000 EoL CFLs per year and the same amount of Fluorescent Tubes (for which no market data were identified) at 

the same landfill in 2020.31 

To be conservative, it is considered that both fluorescent tubes and compact fluorescent lamps are not state-of-the-

art but contain more mercury than lamps produced in Europe today, even if the quality of fluorescent lamps in SSA 

is expected to increase in the future with the introduction of standards and awareness raising. To reflect this, older 

mercury contents have been applied: the data published by the German joint working group of lamp producers and 

recyclers AGLV in 2001, i.e. a mercury content of 7 mg for a CFL and 15 mg for a TL32. 

Collection and disposal assumptions 

Collection from households is assumed to be done with normal trucks without special care for handling the 

domestic waste, resulting in a lamp breakage rate of 30%. It is important to point out that low breakage rates 

during the collection stage will result in a higher potential risk at the treatment stage. Collection from businesses is 

assumed to be included in commercial waste collection but to cause a breakage rate of 15% only due to better 

handling. A further breakage rate of 10% within an average time of 48 hours until further processing is applied to 

the consolidation and transport stage 33; here it is assumed that handling is limited to a minimum. To calculate 

vaporization in the collection, consolidation and transport stages, a temperature of 30°C is assumed. 

Final disposal is assumed to take place in an uncontrolled landfill without emission control. Johannesburg landfills 

are actually all engineered as per regulations. But for the purpose of studying a worst-case scenario, it is more 

relevant to consider the case of an informal landfill. 

 

The worst-case scenario 

The emissions arising from the worst-case scenario can be measured in term of amounts, as shown in the figure and 

summarized in the table below, and concentrations as described in Section 3.4.2. At each stage of the waste 

management chain, the main parameters that influence the amount of mercury emissions are the time since the 

lamp breakage, the temperature, and the breakage rate. Other parameters are also taken into account to calculate 

mercury concentrations. For conservative purposes, it is considered that all mercury is emitted into the atmosphere 

or water bodies, i.e. no mercury remains in the lamps in the landfill. 

- At the collection stage, airborne emissions from multiple sources by breakage add 0.735 kg per year. High 

concentrations of mercury may occur inside the collection truck if a large number of broken lamps are collected by 

one truck. 

- At the consolidation and transport stage, two different sources of emissions have to be considered. The lamps 

broken during collection still continue to release mercury vapor. This is referred to as second stage emission from 

collection. Lamp breakages at the consolidation and transport stage cause additional emissions; in the worst-case 

scenario these emissions add 0.311 kg Hg per year. At this stage, the waste is handled by workers who are directly 

exposed to emissions.  

- Most of the mercury emissions in the worst-case scenario occur during the final disposal operation, i.e. 

uncontrolled landfilling with open-air burning, accounting for 9.933 kg of mercury emissions. 60% of these 

emissions (or 5.972 kg per year) is released to the atmosphere, and 40% (or 3.981 kg per year) go into the soil and 

water bodies. 
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 Kinshasa and Lagos are the two SSA cities that are bigger than Johannesburg. Kinshasa would however have lower amounts according to CFL per household 

data. Lagos was not considered, even though the figures are higher (2020 high estimate potential flow is 1.6 million CFL per year), because we considered 

Nigerian data to be less reliable and the actual collection rate to be very low. 
32

 AGLV: Guidelines for lamp recycling; 2001 
33

 As previously explained, this stage is not mandatory and depends on the operational choices made by decision makers. In case this stage is not applied, the 

relevant emissions would occur in the landfill, which would not significantly modify the amounts at that stage (0.3kg out of 10kg). 
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Figure 7 (Source: Fraunhofer): Mercury emissions for the worst-case scenario 

 

3.3.2 Mercury concentration estimate for the worst case scenario 

Mercury emissions arising from FL waste management cause direct and indirect exposure. Both types of 

contamination are assessed in this worst-case scenario. 

► Direct exposure to elemental mercury emissions during waste management means that at each stage of the 

collection scheme, the surrounding population or workers involved in collection, consolidation or at landfills (in 

the latter case, both landfill operators and sorters) are directly exposed at the source of the emissions. 

► Induced or indirect exposure to organic mercury arises from long-term deposition due to pollution of either soil 

or water-bodies at the landfill or transport by air, producing methylmercury that contaminates the food chain. 

The mercury concentration estimates, based on thorough modeling of mercury emissions, are compared to the 

threshold values established by national institutions in some European countries and the World Health Organization 

(WHO), to assess the acceptability of the risk that arises. This methodology cannot be considered entirely reliable as 

it is based on an assumption model, but it allows the risk to be appraised against comparative data. 

Within the household (direct exposure) 

It should be pointed out that breakage of one single lamp does not result in a significant risk. Within the household, 

no chronic toxicity is to be expected since pollution is only sporadic, and an acute toxicity rate – as defined by 

French INRS – does not seem to be realistically attainable. For example, a CFL containing 7 mg of mercury breaking 

in a small 30 m3 room at 30 degrees Celsius, with no ventilation for 10 days, would release 40% of the mercury (as 

per the graph of mercury emission in Section 3.2), leading to a concentration in the room of 0.093 mg/m3, or 10 

times lower than the INRS threshold (i.e. 1 mg/m3). 
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Basic measures can help reduce exposure, as recommended by the US EPA, especially placing the lamp shards in a 

bag (note that using a vacuum cleaner would vaporize more mercury) and simply opening the window to reduce 

mercury concentration.34 

During the collection phase (direct exposure) 

The collection phase generates about 750g of mercury per year. To assess the risk, we considered two scenarios: 

Scenario 1: The trucks are open to the air; so all emissions are dispersed in the immediate 
environment. 

► To be conservative, it is considered that the average collection time is 30 

minutes per ton of collected waste
35

. In Johannesburg, 1.4 million tons of 

waste are collected yearly
36

, so the total collection duration is estimated at 

700,000 hours. 

► To simplify, the movement of the truck is not taken into account
37

. Therefore 

the mercury is emitted within a cube defined by the length of the truck 

(conservative estimate 2m), the human height (up to 2 meters), and the 

horizontal length of air carried by the wind. This is a conservative assumption 

that covers no further dilution. 

► The average wind speed is 1 m/s. This conservative assumption is equivalent 

to a Force 0 to Force 1 wind (on a scale from 0 to 12). 

The mean concentration of mercury in the surrounding air of the truck during collection is calculated as follows: 

Collection 
duration 

Hg emitted (collection 
phase) 

Hg 
emitted/hour 

Wind 
flow/hour 

Air 
volume/hour 

Hg concentration 

Hour/year g/year mg/h m/h m3/h mg/m3 

700,000 750 1.071 3,600 14,400 0.000074 

Table 3: Mercury concentration surrounding an 8-ton truck 

The chronic toxicity level of 0.015mg/m3 (WHO threshold) is not reached, and consequently the acute toxicity 

threshold is not reached either. In addition, in the event of many lamps accumulated in the same truck (or in a short 

time in this scenario), the toxic level – which is only acute and not chronic in this case – is unlikely to be reached 

given that the average concentration is more than 10,000 times lower than the acute toxicity threshold of 1mg/m3. 

Scenario 2: The truck is closed; all emissions accumulate in the truck during the collection trip. 

► The truck is a 19T waste collection truck with a volume of 16 m3, which collects 7.2 tons of domestic waste per 

trip
38

 . 

► The city of Johannesburg was expected to generate around 1.4 million tons of waste yearly in 2010 with a 4% 

annual growth, or 2.07 million tons of waste in 2020. 

Over one trip, the mean concentration of mercury in the close truck is calculated as follows: 
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 The US EPA estimates that less than half of mercury exposure in the U.S. comes from U.S. sources and that only one third of US emissions are deposited in 

the United States. 
35

 Based on a 2002 statistical study by the French Ministry of Transport, 30 million tons were collected in 23 million hours, i.e. 45 minutes per collected ton. We 

conservatively chose to use a lower value. http://www.statistiques.equipement.gouv.fr/IMG/pdf/vasp_206_cle5139fa.pdf 
36

 Johannesburg Annual Report 2002-2003 (http://joburg-archive.co.za/city_vision/annualreport2002-03/chapter14.pdf) 
37

 Taking into account the movement of the truck would, on average, produce a higher relative wind speed, which would lower the mercury concentration in the 

air. This simplification is therefore conservative. 
38

 Based on a 2002 statistical study by the French Ministry of Transport, the average load of a collection truck is 6.9 tons. The most commonly used garbage 

truck is the 19T, which can carry a load of 7.2 tons of waste. For the biggest waste collection trucks (more than 19T), the average load is 10.7 tons. The volume 

of a 19T truck is usually 16m3, and for an upper-load truck, the volume can be up to 20m3 (for a 26T). 

http://www.statistiques.equipement.gouv.fr/IMG/pdf/vasp_206_cle5139fa.pdf 
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Domestic waste 
in 2020 

Hg emitted (collection 
phase) 

Hg emitted per ton 
of waste 

Hg emitted per 
truck 

Hg concentration 

Ton/year g/year mg/ton mg mg/m3 

2,072,342 750 0.362 2.606 0.1629 

Table 4: Mercury concentration in an 8-ton closed truck 

In this scenario, workers are not exposed during the trip, as the skip containing the waste is closed, but they are 

exposed at the end of the collection phase, when unloading the truck. The estimated concentration is below the 

acute toxicity threshold, but above the chronic toxicity threshold. As workers are exposed daily and several times a 

day, the risk is serious. In addition, concentration could be above the acute toxicity threshold of 1 mg/m3 inside the 

truck in the case of a peak concentration of lamps in one truck (6.25 time more lamps than the average). But, while 

unloading the truck, the mercury would be quickly diluted in the atmosphere. This prevents several hours of 

exposure to over-threshold concentrations, which means that the risk of acute intoxication is low.  

Furthermore, the waste contained in a closed truck is compressed and occupies most of the air volume, while the air 

is released outside the truck when the press is activated during the collection stage, releasing part of the mercury 

emissions at the same time. The remaining air volume inside the truck is small, and may be diluted almost instantly 

in a large volume of air. The risk is therefore real, but exposure is very limited. 

During the consolidation phase (direct exposure) 

The consolidation phase generates about 300 g of mercury per year or 820 mg per day. If we consider a small 

consolidation facility of 2 000 m3 (20m*20m*5m), and a pessimistic air renewal (i.e. air change) factor39 of 0.5 

(equivalent to a closed building with low ventilation, considered as a conservative value by the French Afsset40), the 

volume in which the mercury will be diluted is around 8.5 million m3 over one year. In this case, the mercury 

concentration would be 0.035 mg/m3, which is higher than the WHO chronic toxicity threshold (0.015 mg/m3) but 

lower than the German chronic toxicity threshold (0.1 mg/m3). Ventilation is therefore essential to reduce the risk.  

NB: Basic ventilation is a health requirement in any case: lack of ventilation in a waste management plant is a 

serious threat to health due, especially, to ammonia (NH3), H2S or bacterial emissions from organic waste 

decomposition. 

The risk of emission peaks might be higher if the lamps are collected separately under a specific collection system, 

such as a commercial waste scheme. This is because with this type of collection scheme, many more lamps are 

handled together than in domestic waste management. However, this parameter is offset by the fact that specific 

collection should imply better handling of the lamps. In this case, the most dangerous event would likely be the 

breakage of an entire container of lamps. To assess the risk of acute intoxication (chronic intoxication is not relevant 

for this pessimistic scenario), the following assumptions are considered: 

► The container is a post pallet of 1,200 fluorescent tubes (typically used in several European countries for 

transporting fluorescent tubes). All lamps on the pallet break by accident, e.g. caused by a handling error. 

► The small amount of mercury in each fluorescent lamp, which is already vaporized in the tube, is released 

immediately when the lamps break. For this case, we used the results of Aucott et. al., which quantified this 

amount at 0.018 mg of vaporized Hg for a fluorescent tube containing 4.55 mg of mercury
41

, assuming a 

maximum concentration of vaporized mercury in a tube whatever the total amount of mercury. 

► In this scenario, a total amount of 21.6 mg of mercury would be immediately released into the surrounding air.  

The usual maximum acceptable concentrations of metallic mercury, as discussed in the following section, will 

definitely be exceeded for a short time should the entire container break up. The time while the mercury 

concentration remains higher than the acceptable level depends on the ventilation of the place where the breakage 

                                                                        
39

 The volume of air exchanged hourly between the inside and the outside of he building, expressed as a proportion of the building’s volume. In this case 

(building of 2,000 m3), a renewal factor of 0.5 means that 1,000 m3 is exchanged hourly. 
40

 http://www.afsset.fr/index.php?pageid=1129&parentid=424 
41

 Michael Aucott, Michael McLinden , and Michael Winka: Release of Mercury From Broken Fluorescent Bulbs 
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occurs. The 0.1 mg/m3 threshold would be reached in a volume of 216 m3, which is less than 1% of a standard 

transshipment site42. It is thus unlikely that acute intoxication would occur in the facility except within a radius of 3 

meters from the source. An on-site operator could theoretically die from such an accident, but actual health impacts 

vary widely with individuals. This risk can be prevented by proper on-site safety rules (especially the use of masks, air 

ventilation and emergency procedure43).  

The kind of acute intoxication described above also applies to other cases such as a take-back system (waste 

collection and processing schemes) or a recycling facility for CFL, two options that are not assessed in the worst-

case scenario. 

During disposal (direct exposure) 

FL disposal in the landfill would contribute 5.972 kg/year44 to airborne emissions. To assess the risk for on-site 

workers, the following pessimistic assumptions are made: 

► Emitted mercury at 0-2 meters above ground, thereby being at a level where human inhalation is possible. This is 

a conservative assumption that considers no vertical dilution. 

► Average wind speed is 1 m/s. This conservative assumption is equivalent to a Force 0 to Force 1 wind (on a scale 

from 0 to 12). 

► The emission surface (i.e. the surface of the landfill) is 100m*100m (conservative assumption equivalent to 

French good practice for landfill operation). 

In this hypothetical case, the volume in which mercury is diluted over the year would be 100m (landfill length) * 2m 

(emission height) * 31.5 million m (length of the total wind flow) = 6,300 million m3, leading to an average 

concentration of 0.0009 mg/m3, which is 15 times below the WHO chronic toxicity threshold (0.015 mg/m3). For 

the record, residents in neighboring areas are even less exposed than on-site workers. 

In the case of collection through domestic or commercial waste schemes, acute emissions at the landfill are unlikely 

as the lamps will be randomly dumped with other waste in terms of geographic location over the city area and time 

over the year. Reaching the acute intoxication threshold of 1 mg/m3 would require a peak emission more than 100 

hundred times higher than the average value, which could only reasonably happen in the case of a specific take-

back system. However, it would make no sense to put such a specific collection scheme in place to dispose of the 

lamps at an uncontrolled landfill (or even an engineered landfill, if available) without pre-treatment.  

Water pollution (induced exposure) 

In the case of FL waste management, there are two main ways in which contamination can occur: pollution of soil 

and water bodies at the landfill site (mercury mixed with leachate) and geographically broader contamination 

through local deposition of airborne emissions.  

For conservative estimation purposes, it is assumed that all mercury not released to the atmosphere in the landfill 

(i.e. not released through airborne emissions) is washed out by rain in an uncontrolled landfill, being mixed with 

leachate, polluting water and soil in the surrounding area and adding to the airborne emissions deposited locally. 

No mercury remains trapped inside the landfill layers. 

At the landfill site, a simplistic assumption is considered of a continuous water flow into a stream or a small river, 

with no settling. If the water flow in this stream is 1 m3/s (equivalent to a 1 m² section stream flowing at 1 m/s), the 

threshold of 0.5 µg/l (defined by Germany) would be reached for a continuous mercury input of 15.5 kg per year, 

which is four times higher than the total mercury washed out at the landfill in our worst-case scenario (which is 

about 4kg per year45). No significant water pollution is therefore to be expected in this worst-case scenario. 

However, biological and hydrological mechanisms should be taken into account for a thorough evaluation of the 
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 http://www.valoraisne.fr//_upload/ressources/nos_projets/centre_de_transfert/doctransfert.pdf 
43

 Furthermore, recycling companies have the mercury content in the blood of their workers regularly tested to avoid long-term damage from mercury exposure 

caused by this type of incident and/or by diffuse exposure. 
44

 This represents more than half of global mercury emissions. To define a high range of values, in a scenario in which all the mercury contained in the lamps 

was emitted in the landfill, the values would be twice as high as those given here 
45

 As discussed above, the proportion of mercury in the landfill that is washed out has been set at 40% but, mostly depending on atmospheric data 

(temperature and rainfall), could reach 100% i.e. 9.933 kg per year. The resulting concentration in water is also lower than the threshold considered. 
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risk. In comparison, the amount of methylmercury released into Minamata Bay causing Minamata disease among 

fishermen is estimated at some 80 tons over 35 years,46 or a much more significant level than that considered by 

our worst-case scenario and the threshold defined by Germany. 

Airborne deposition (induced exposure) 

Airborne emissions will be deposited in the environment in the medium and long terms. For the purpose of this 

study, three different geographical scales of deposition, on which the resulting mercury concentrations in the 

environment depend, have been considered: 

► Local deposition: mercury is carried a few kilometers away only and, at the landfilling stage, deposited in a 

nearby disposal facility. 

► Regional deposition: mercury is carried away further and is deposited elsewhere within the country. 

► Global cycle: mercury is carried over long distances, deposition can occur anywhere in the world; in this case, 

mercury is said to ‘enter the global cycle’. 

According to The Mercury Project: Reducing global emissions from burning mercury added products; 2009, a 

pessimistic estimation for airborne emissions in this scenario is that:  

► Approximately 90% of the mercury emissions occur at the landfill; nearly 7% of the mercury emissions occur 

during transportation; and nearly 3% of the mercury emissions occur during collection.  

► Approximately 68% of environmental discharges would be as air emissions, and the remainder to water through 

the soil at landfills.  

► 70% of the air emissions are deposited locally, 20% regionally, and 10% globally (see the summary table 

below). 

 

Waste management stage Total Air Soil 
(to water) 

Total Air Local 
deposition 

Regional 
deposition or 
global cycle 

Collection 0.735 0.735 0.515 0.221   

Transshipment 0.311 0.311 0.218 0.093   

Landfill 9.954 5.972 4.18 1.792 3.981 

Total (500,000 TFLs at 15mg + 
500,000 CFLs at 7mg) 

11 7.018 4.913 2.106 3.981 

Table 5: Summary of mercury emissions due to EoL FL in the worst-case scenario (in kg/year) 

 

The risk arising from airborne deposition will be scarcely quantifiable. Rather, we have chosen to compare it with 

other sources of mercury emissions, as detailed in Section 4. 

3.4 Risk assessment summary 
During the disposal process, the intoxication risk from human exposure to mercury in the different stages of FL 

waste management is directly related to two main factors, namely the high number of FLs and the site 

                                                                        
46

 Frank M. D’Itri: Mercury contamination: What we have learned from Minamata; Institute of Water Research and Department of Fisheries and Wildlife, 

Michigan State University; 1990 
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characteristics where mercury is released (open or closed, the latter being an aggravating factor). Two main 

mechanisms have been identified with a potential risk to human health and the environment: 

1) Direct human exposure to high local concentrations of elemental mercury vapor released by a large number of 

broken lamps, which would be aggravated if release occurs in a closed space with poor ventilation, especially 

at the transshipment stage.  

 High local concentrations of mercury vapor may cause chronic or acute poisoning among people exposed to 

these emissions (mostly workers handling the EoL lamps) if the mercury concentration exceeds a certain limit 

(see 3.1.4). This risk is higher inside a building due to lower dispersion, and may therefore arise in the 

transshipment stages or at a recycling facility as described in the worst case scenario below, but most probably 

not for scavengers on a landfill who may gather many lamps in one place. 

2) Diffuse release of elemental mercury into the environment in all waste management stages. 

 The levels of diffuse emissions of elemental mercury during the processing chain are more difficult to predict but 

potentially more dangerous than high local concentrations. Elemental mercury can be transformed into 

methylmercury by microscopic organisms in soils and water, and bioaccumulate through the food chain. 

Elemental mercury released in airborne emissions during FL EoL waste management may remain in the 

atmosphere for up to one year. Wind can carry airborne mercury over great distances before it is deposited on 

land and in water bodies, primarily by rain and snow, contaminating remote places hundreds of miles away from 

mercury sources.
47

 The route taken by the mercury from the point of emission depends on different factors, such 

as the form of mercury emitted, the surrounding landscape, the height above the ground of the emission point, 

and atmospheric factors (wind, rain, temperature…). However, the risk arising from these long-term/indirect 

airborne emissions is difficult to assess but can be compared with global mercury emissions. Influencing 

parameters have been identified: mercury is more readily transformed into methylmercury at high temperatures 

(Coupling mercury methylation rates to sulfate reduction rates in marine sediments, KING J. K., 1999) and under 

anaerobic conditions (Mercury Methylation in Macrophyte Roots of a Tropical Lake, Jane B. N. Mauro, 2004), 

which are common in landfills. The following diagram shows how elemental mercury from diffuse emissions is 

transferred to humans. 

 

 

Figure 8 (Source: Fraunhofer): Risk chain from elemental mercury emission to methylmercury ingestion 

From the results of the worst-case scenario compared with very conservative standards (see the summary table 

below), we can infer that the main risks to human health are either low or can be mitigated. 

► Airborne pollution may only become significant in closed spaces, which would happen only in very specific 

situations such as: 

o A combination of closed garbage trucks (large load capacity with press) and high concentration of 

FLs; or 

o Breakage of a large number of FLs in a closed unventilated location (may lead to blood poisoning 

by inhalation of elemental mercury) – preventable with simple safety measures. 

► to the risk of water pollution leading to bioaccumulation of organic mercury throughout the food chain is low, but 

should not be neglected, although it is very complex to assess precisely. 

► Lamp breakage at home is not a significant threat and can be prevented by simple precautionary measures 

(ventilating the room and avoiding vacuuming of the mercury-containing powder). 
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 http://www.epa.gov/mercury/exposure.htm 
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Emission considered in the End-of-Life CFL treatment  Population exposed Acceptable thresholds Worst case scenario emission values Estimated risk 

Vapor mercury due to household lamp breakage  Household 1 mg/m
3
 over several 

hours for AI 
0.5 mg/m3 Low 

Vapor mercury due to lamp breakage during collection  Collection workers 0.1 mg/m
3
 for CI 

 
1 mg/m

3
 over several 

hours for AI 

0.04 mg/m3 

 

0.18 mg/m3 

Low 

 

Low 

Vapor mercury due to lamp breakage during 

transshipment  

Transshipment workers 0.1 mg/m
3
 for CI 0.035 mg/m3 Low 

Vapor mercury due to breakage of an entire post-pallet 

during transshipment handling inside a building 

Transshipment workers 1 mg/m
3
 over several 

hours for AI 
> 1 mg/m3 at emission point 

< 1 mg/m3 at 3 meters from emission 

point 

Signif icant, but 
controlled with basic 

safety rules 

Diffuse vapor mercury due to lamp breakage in landfill  Scavengers, neighboring 

households 

0.1 mg/m
3
 for CI 0.009 mg/m3 Low 

Peak vapor mercury due to lamp breakage in landfill  Scavengers 1 mg/m
3
 over several 

hours for AI 
> 1mg/m3 at emission point over some 

seconds and disseminated by wind 

Not signif icant 

Soil and water pollution due to washed out mercury 

from the landfill and deposition of airborne mercury 

emissions  

Neighboring population, 

consumers 

0.5 µg/l in the water 0.3 µg/l Low (but should be 
monitored) 

Table 6: Summary of risk related to the worst case scenario 

AI: Acute Intoxication; CI: Chronic Intoxication 



 

 

4 End-Of-Life MCL management options 
 

Box : Collection and transport 

These two terms refer to different activities. “Collection” refers to collection from households to a treatment plant, but also from 
households to consolidation facilities. These consolidation facilities enable waste tonnages to be grouped and transported in 
bigger trucks (a transshipment is made between smaller collection trucks and bigger transport trucks), lowering the cost of the 
transport over long distances as the number of trucks that have to travel is smaller. In this case, the term “transport” (or 
“transshipment”) is used and refers to transport from the consolidation facility to the treatment plant. 

 

 

Building on the generic and CFL specific risk assessment in the previous section, this section explores various FL 

waste management options in order to assess the following aspects. 

► Mitigation principle 

o This study will focus only on CFL household breakage and the waste management chain. 

Manufacturing and distribution are not part of this analysis. 

o Mercury is emitted from the EoL FL along the entire waste management chain, as shown in the 

following diagram, resulting in geographically diffuse emissions. Different factors will influence 

these emissions at each stage in the management scheme and environmental and human 

exposure. Emissions at each stage are further described below. 

► Feasibility, in particular in the context of Sub-Saharan Africa 

o The economic balance is variable from one situation to the other and can depend on many factors 

such as market potential (which heavily influences marginal costs), funding sustainability, etc. 

o Governance is key in providing proper regulation and enforcement (especially regarding proper 

waste management practices), as well as control of the quality of imported goods. 

► Other opportunities or barriers can be identified, and are assessed in the light of initiatives identified around the 

continent. 

Waste management is broken down into three stages, namely collection, transport/transshipment and treatment. 

Different collection and handling concepts and different disposal routes can have different impacts on the type and 

amount of mercury emissions, on costs and on general feasibility. 

 



End-Of-Life MCL management options 

Study of Mercury-containing lamp waste management in Sub-Saharan Africa | 39 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 (Source: Fraunhofer): Mercury emission mechanisms through waste treatment stages 
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4.1 Collect ion 

4.1.1 FL collection options 

The collection stage starts with the end user, who can be either an individual or a commercial end user. End-of-Life 

fluorescent lamps enter the disposal process at the moment when end users prepare the lamps for waste collection, 

e.g. by throwing them into a waste bin. Three methods of collection are identified, with as many treatment options: 

► Domestic waste collection will lead to mixing the lamps with all other types of domestic waste, which makes 

subsequent separation difficult, i.e. the lamps will certainly end up in the domestic waste management scheme. 

► In a hazardous waste scheme, waste is usually sorted out, which facilitates separation of the lamps from other 

hazardous waste streams later on, and redirects them into a specific take-back scheme. Otherwise the lamps are 

further processed within the hazardous waste management scheme. This option is not really relevant for SSA. 

But as the situation may change in the future, it is kept in the analysis. 

► The last option is to collect the lamps separately within a specific take-back system for End-of-Life lamps right 

from the beginning, like the one that has been established in Europe in compliance with the Directive on Waste 

Electrical and Electronic Equipment (WEEE Directive). 

Collection is part of the overall waste management value chain and is a crucial factor in determining the best 

treatment options as it will heavily influence the volume of waste that can be treated and by extension the marginal 

costs of each treatment solution. Domestic and hazardous waste collection schemes are supposed to be pre-

existing, so only incremental costs are estimated in these 2 cases. In the case of domestic waste, incremental costs 

are actually zero as MCLs actually simply replace other types of lamps; this is the baseline “business as usual” case. 

Incremental costs in a hazardous waste collection scheme may be relevant depending on the collection scheme 

already in place, but they are not estimated, as this would be too complex. 

The three options are described in detail in the following paragraphs. 

Municipal Solid Waste (MSW) collection 

Waste collection in SSA varies widely from one country to another, from one city to another and even from one 

neighborhood to another. In essence, domestic waste is mostly collected through collection points that are 

informally distributed over urban areas according to the best knowledge of waste production volumes (e.g. more 

frequent points close to markets). Households, most often children, bring their waste to the collection point. The 

waste thus gathered is then collected, sometimes but not always by trucks, a few times a week, though not always 

regularly. 

However, almost every imaginable scenario can be found: roadside dumping by the population (the roadside 

sometime being a river), hand-carts that take the waste to an uncontrolled municipal landfill or to an illicit 

uncontrolled landfill, waste trucks collecting bulk waste, piles of garbage bags or actual containers taken to an 

inner-city landfill or a landfill outside the town (the city of Bamako for example has both). Door-to-door collection 

also occurs in some specific areas in dense urban neighborhoods. 

Costs for MSW collection are very low. In western Europe, the collection cost is generally around 50€/T. A CFL 

weighing around 200g would therefore represent a cost around 1 US¢ per CFL. Considering that CFLs may have a 

lower density than bulk waste and that costs in SSA may be lower than in Europe, the expected costs should vary 

from almost 0 to 2 US¢ per CFL. 

In such a case, enforcing a regulatory framework for waste collection and treatment remains a priority for SSA 

countries. No additional reulation is required. 

Feasibility is ensured as this may be achieved without changing the current modus operandi. However, as already 

stated, MSW collection is not suited to recycling since most of the lamps will break during collection and cannot be 

properly sorted out if they are mixed with bulk waste. 
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Hazardous Waste collection 

If separate collection is chosen for CFLs (cf. Section 4.1.3), it might be relevant to also collect other hazardous 

waste so that this collection scheme benefits other types of waste (e.g. batteries), leading to better cost-

effectiveness. However, mixing the lamps with other hazardous waste will likely result in a high breakage rate, 

reducing the positive impact in the case of specific treatment. 

Costs are similar to the various separate collection schemes presented below – they may however vary from one 

type of waste to the other. 

In such cases, adequate procedures must be enforced to ensure the safety of operators. Minimum safety standards 

should then be defined in the regulatory framework. 

Feasibility is difficult to assess. Few countries (and few municipalities in these countries) operate door-to-door 

hazardous waste collection, although this is developing in the EU and in North America. However, drop-off schemes 

have been effectively operated in these regions for many years, and take-back schemes are developing. Raising 

awareness and educating households is an essential requirement for such schemes to be successful. 

Separate collection schemes 

Separate collection requires specific communication to educate households. No reference scenario for 

communication was identified as it is specific to each country or municipality, in particular regarding prominent 

media and opinion leaders. The cost and feasibility of such campaigns were not assessed. 

As stated before, separate collection is relevant only if treatment including mercury extraction is implemented. 

Otherwise it would only lead to higher concentrations and increase the risk of worker exposure. 

Description of various separate collection schemes 

Door-to-door 

Door-to-door separate collection of CFLs for the residential sector could not be identified in SSA, nor in developed 

countries. 

Take-back 

A take-back scheme consists of households taking back their waste to an identified entity; waste is thus collected in 

a single stream at the relevant facility (office, shop, warehouse…). 

Costs are presented in a table below. Furthermore, in such a scheme, some financial advantage for the consumer is 

recommended, such as giving a free (or subsidized) new lamp in exchange for the old one, similarly to what is 

achieved in some CFL distribution programs. Such an incentive is expected to raise the collection rate, but 

represents an extra cost that should be taken into account. 

A regulatory framework is required as the government is expected to be a major player in such cases: its action must 

be defined and an agreement drawn up with cooperating entities. 

Such a scheme is considered feasible if proper cooperation exists between the various players, which could be the 

government and retailers, or the government and the electricity company. Cooperation with retailers requires them 

to be sufficiently organized so that cooperation is effective and collection properly achieved; this seems more 

relevant in shopping centers but not in the case of small street retailers. Cooperation with electricity companies is 

considered especially relevant in countries where consumers pay their monthly bill at a company office, which often 

happens in many SSA countries where direct bank billing is not widespread. 

Drop-off 

Drop-off collection is defined here as a scheme where households drop their specific waste in a specific container 

installed in a public place (street, car park, etc.). 

Costs are presented in a table below. 
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A regulatory framework may be required, at least at a local level in the case of a contracting operator, so that 

collection is properly operated. Governments may also decide to require municipalities to implement such separate 

collection. 

Such a scheme is considered feasible, as it already exists in South Africa (Reclite program) and has been tested in 

Senegal for batteries (successfully for collecting batteries but the scheme failed to implement an effective 

treatment solution). It seems important that waste containers be properly marked as specific for CFLs so that they 

are not used to dispose of other bulk waste. 

Pick-up for business 

Pick-up for business may be considered as similar to take-back collection with a company collecting its waste on its 

own facility. Waste may be either gathered by company workers or by the company in charge of installing and 

maintaining office (or factory, warehouse…) lighting. 

Costs are presented in a table below.  

No regulatory framework is considered necessary, except if policy makers wish to make it mandatory for companies 

to sort their CFLs. 

Such a scheme exists in developed countries but has not been identified in SSA even though some companies plan 

to implement them, such as Total in Nigeria. This is considered the most feasible of all separate collection schemes, 

as awareness is more easily ensured in a company, rules can be more easily enforced, and collection rates can 

approach 100%. 

Regarding pick-up for business, pre-crushing technology is sometimes used to reduce volumes of spent FTs to be 

transported, and thus reduce costs (see below the note on the pre-crushing machines).  

Collection by scavengers at the waste source 

Waste is sometimes collected by scavengers at the source, e.g. for batteries, in a sort of door-to-door collection. 

They are already involved in collecting some types of waste, such as aluminum, whenever it generates money. 

Considering the low value of CFLs for scavengers, this kind of collection is unlikely to happen. However, if an 
incentive was provided (e.g. return one CFL to get a replacement) potential health issues for 
the scavengers could be an issue. 

Specific FL collection equipment  

Container types 

There are several container systems for the separate collection of EoL lamps, some of which are suitable for the 

collection of fluorescent tubes (TLs) whereas others can be used for other types such as CFLs or HID lamps. The 

suitability of container systems also depends on the type of collection: indoor or outdoor and B2B or B2C collection. 

Common containers are shown below. 

 

Figure 10: Container types for lamp collection 

A common container for the collection of TLs is the post pallet. The post pallet has a capacity of 1,200-1,500 TLs 

and a volume (loaded) of ca. 1 m³. Post pallets can be used for indoor and outdoor collection. Once the pallet is full, 

TLs in a post pallet
Source: Relight Italy

CFLs in Big Bags
Source: ASSIL Italy

Modular Carton Box
Source: Philips France

Skeleton container
Source: AGLV Germany
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the lamps should be covered by stretch film for transport to avoid breakage. Post pallets have to be handled with 

special care by trained workers, otherwise the breakage rate will increase significantly. CFLs and other types like 

HID lamps can be collected in Big Bags on pallets or in skeleton containers (also called lattice boxes, pallet cages 

or mesh boxes). The Big Bags have a larger volume (1 m³) than skeleton containers (0.75 m³). A solution specially 

designed for TL collection in the B2B sector is the modular carton box. The small boxes can be used by the facility 

management on bigger production sites to collect lamps from different parts of the site. Once nine of the smaller 

boxes are loaded, they are packed in the bigger box for shipment. The modular carton box is a one-way container. 

Although initially designed for TLs only, the modular carton box can also be used for collecting CFLs. One of the 

small boxes contains about 25 TLs or 70 CFLs. Other solutions for lamp collection are pallets with wooden frames 

(mainly TLs), pallet-sized plastic containers (all types of lamps) or closed metal boxes (mainly TLs). 

All the container systems mentioned can be transported as general cargo, i.e. no special trucks are necessary for 

the separate collection of lamps. Separate collection can take place as a ’lamps-only’ collection or with other 

hazardous waste collection either from private households or businesses or within the collection of non-hazardous 

commercial waste. Lamp collection from households and small businesses requires setting up collection points 

where people can drop off their EoL lamps, while pick-ups can be organized for large businesses. 

Pre-crushing machines 

Lamp crushers are available in different sizes (see figure below). They range from large units with a capacity of 300 

kg/h for use at collection sites or transshipment points, to small mobile devices (about the size of a copy machine) 

mounted on top of a drum, which can be stored directly at the business. The FTs or CFLs are crushed, and the 

mercury and phosphor dust is vacuumed and filtered, capturing 99.99% of the vapors released and ensuring that 

the surrounding environment is safe. All components (both powders and the mixture of glass, plastic and aluminum) 

are stored safely in a specific container before pick-up.  

The pre-crushed lamps are usually transported in Big Bags or in drums by a professional pick-up company, which 

has the appropriate competence and capacities to deal with hazardous waste.  

The primary purpose of pre-crushing is to reduce volume at the collection stage prior to transport. The pre-crushing 

of lamps is not a recycling or disposal process itself and requires subsequent treatment (see treatment solutions). In 

Europe, pre-crushed lamps are usually further processed in recycling plants with the necessary facilities.  

The machine can be installed directly at the business site, providing benefits in term of storage of end of life lamps 

(e.g. one drum of the small machine from Aircycle can hold more than 1,000 lamps) and reducing shipping or 

collection costs.  

CFL crusher
Source: MRT Sweden

 

Figure 11: Lamp crusher for use on collection sites 

Costs for separate collection 

Collection costs are mainly container and transport costs. Container costs depend on the type of containers used, 

the number of collection points equipped with these containers, and the number of containers per collection point. 

Transport costs depend on the number of pick-ups at the collection points and the transport distances. The 

Bulbeater, Source: Aircycle 
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following tables give an estimation of container costs per year for collecting 1,000,000 lamps (TL or CFL) at 100 

collection points with different container types; collection points are equipped with one container. 

 

Table 7: Container costs for the collection of 1,000,000 TL 

 

Table 8: Container costs for the collection of 1,000,000 CFL 

Information on container prices and loading capacities is taken from several projects on lamp recycling carried out 

by Fraunhofer IML. The circulation factor describes the fact that for every container placed at a collection point there 

are 2 containers somewhere else in the system (1 at the recycling plant and 1 at the logistics company or on a 

truck). The yearly replacement rates are an estimate by Fraunhofer IML based on project experience related to 

product take-back systems. 

Transport costs cannot be estimated without knowledge of transport distances and price information from local 

transport companies with experience in this business. However, with an increasing number of single pick-ups, 

transport costs will increase too. The different container types used in the above calculation lead to a different 

number of necessary pick-ups; these numbers may give an idea of the transport costs related to the different 

container systems. 

 

Table 9: Pickups resulting from different container systems used 

4.1.2 Emissions at the collection stage 

The main parameters that will influence mercury emissions at the collection stage are (a) the overall FL collection 

rate or the collection rate for the different collection options, (b) the breakage rate, involving direct mercury 

emissions during the collection, (c) the temperature, and (d) the duration of the collection stage.  

TL collection Post pallet Modular Carton Box Plastics container (big) Metal box

Lamps collected 1 000 000,00           1 000 000,00             1 000 000,00                       1 000 000,00            

Number of collection points 100,00                      100,00                        100,00                                   100,00                        

Price per container [US$] 104,00                      104,00                        104,00                                   104,00                        

Capacity 1 500                         225                              1 500                                     1 000                          

Circulation factor 3,00                           1,00                             3,00                                       3,00                            

Containers in system 300                            4 444                           300                                         300                              

Replacement rate pa 15% 100% 10% 10%

Replacement costs pa [US$] 3 600                         26 222                        6 300                                     12 000                        

Initial invest [US$] 24 000                      -                                63 000                                   120 000                      

Imputed interest rate 7% 7% 7% 7%

Costs of working capital pa [US$] 1 680                         -                                4 410                                     8 400                          

Total cost pa [US$] 5 280                         26 222                        10 710                                   20 400                        

Total cost per lamp [US$] 0,0053                      0,0262                        0,0107                                   0,0204                        

CFL collection Skeleton container Modular Carton Box Plastics container (small) Drum

Lamps collected 1 000 000,00           1 000 000,00             1 000 000,00                       1 000 000,00            

Number of collection points 100,00                      100,00                        100,00                                   100,00                        

Price per container [US$] 104,00                      104,00                        104,00                                   104,00                        

Capacity 3 500                         630                              3 200                                     560                              

Circulation factor 3,00                           1,00                             3,00                                       3,00                            

Containers in system 300                            1 587                           300                                         300                              

Replacement rate pa 10% 100% 10% 10%

Replacement costs pa [US$] 2 400                         9 365                           2 400                                     300                              

Initial invest [US$] 24 000                      -                                24 000                                   3 000                          

Imputed interest rate 7% 7% 7% 7%

Costs of working capital pa [US$] 1 680                         -                                1 680                                     210                              

Total cost pa [US$] 4 080                         9 365                           4 080                                     510                              

Total cost per lamp [US$] 0,0041                      0,0094                        0,0041                                   0,0005                        

 TL transport Post pallet Modular Carton Box Plastics container (big) Metal box

Number of pick-ups pa 667                            4,444                          667                                         1,000                          

CFL transport Skeleton container Modular Carton Box Plastics container (small) Drum

Number of pick-ups pa 286                            1,587                          313                                         1,786                          
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The type of collection system and technology used mainly influence the collection rate. Pick-up systems or some 

form of incentive for the end-user usually increase the collection rate for the relevant method of collection.  

The technology used for collection also determines the breakage rate. Lamps collected as domestic waste with 

trucks equipped with compactors (used for volume reduction in collection) will cause a 100% breakage rate in this 

method of collection, whereas lamps collected through a specific take-back scheme will have a breakage rate close 

to 0%. Generally speaking, the breakage rate is partial to 100% in domestic waste collection schemes, whereas it 

can be kept to 0% in separate schemes. However, separate schemes have limited success in the US and Europe as 

the collection rate has remained low (about 30%, with a higher rate for businesses compared to the residential 

sector). Moreover, separate schemes require proper handling to avoid accidents causing breakage, as by 

concentrating MCLs the health risk is high. In SSA, hazardous waste collection schemes (except some specific ones) 

or take-back schemes are very rare, so it is expected that lamps are mainly collected at present as domestic waste 

in open trucks, causing a partial breakage rate.  

As mercury emissions from lamps are time-dependent, the time the broken lamps stay in the collection stage must 

also be considered. 

Non-collection of lamps is not specifically addressed in this study. In the case of uncollected lamps (dumped in the 

street or in the environment), potential impacts are not assessed, but can be compared to a combination of (1) 

cases of disposal at uncontrolled landfills, considering that contamination occurs in the same way, and (2) one-

lamp breakage, to take into account the geographical dissemination of the lamps.  Disseminated lamps generate 

the same total amount of emissions, but without potential local peaks. 

 

4.2 Transport / transshipment 
At the transport/transshipment stage, the collected lamps are prepared for transport to the final destination and 

then sent to this destination, which may be a landfill, a waste incinerator or a recycling facility (see Section 4.3). If 

the final destination is very close to the point of collection, transshipment might be considered unnecessary. In this 

case the collection truck delivers the lamps directly to the final destination (landfill, incinerator, recycling facility) as 

part of the collection stage (see Section 4.1), without a transfer station. In fact, in a domestic or industrial waste 

scheme, there is no general rule; the choice of the decision-maker is usually based on the financial relevance of this 

stage, which mostly depends on the distance between the waste production point (city, factory,etc.) and the waste 

treatment point (landfill, incinerator, etc.). But this stage is widely used in the case of a hazardous waste scheme or 

a take-back scheme, due to the lower concentration of facilities on the national territory.  

The main parameters for estimating mercury emissions at the transshipment stage are the breakage rate (which is 

different from the collection breakage rate) and the temperature, as well as the time the lamps remain at this stage. 

The breakage rate is mainly influenced by the way material was previously handled, which is linked to the collection 

scheme.  

4.3 Treatment processes 
After collection and transport to the final destination, the lamps enter the treatment stage , which is the final stage 

in the waste management process. The three main options are landfill, incineration, and recycling. 

The emission factors relate to the percentage of mercury emitted to air, soil or water in relation to the inbound 

mercury flow. Estimations of mercury emissions at the treatment stage are based on specific parameters for each 

different treatment method. The results show that the mitigation potential is mostly related to the technology: 

recycling facility, sealed landfill, or high-efficiency filter in a waste incinerator. The main factors influencing mercury 

emissions from the treatment of fluorescent lamps are summarized in the following paragraphs, along with a cost 

analysis. 



End-Of-Life MCL management options 

Study of Mercury-containing lamp waste management in Sub-Saharan Africa | 46 

4.3.1 Landfill 

Uncontrolled landfills, commonly called “dump sites”, are “Business as Usual” in SSA as they still exists in all SSA 

countries, and are even predominant in most of them. These are landfills that do not comply with minimum 

standards such as sealing against leakage to groundwater, thus allowing uncontrolled pollution in all the 

surrounding environment (air, soil and water). They are usually poorly operated. The risk associated with Business as 

Usual FL waste management was analyzed in the worst-case scenario (see Section 3). All higher standard landfill 

categories presented below are an improvement in terms of mercury emission control. 

Operational principles 

Controlled landfills 

In controlled landfill, or engineered landfill, emissions to soil and water are not possible. Engineered landfill design 

includes equipment designed to mitigate the overall environmental impact of waste, in particular a liner and 

leachate treatment. A few installations are also equipped with biogas extraction and treatment, usually flaring and, 

in some cases, biogas-powered electricity generation. 

In these landfills, once the broken lamps are covered by a sufficient amount of other waste, mercury vapor is mixed 

with the landfill gas48 (mainly methane and carbon dioxide), which is produced by chemical and biological reactions 

in waste – and released to the surrounding atmosphere. Mercury that is not released to the air with the biogas may 

be washed out by rainwater49 and, if a landfill is not properly sealed, spread into soil and possibly groundwater. 

In SSA, the situation is improving. Engineered landfills have been in operation in South Africa and some other 

countries for several years and new projects are under development. These projects are often sponsored by 

international institutions that promote the best available practices among local decision makers, especially for risk 

mitigation.  

Hazardous waste landfills 

South Africa is the only country in SSA with hazardous waste landfills (e.g. in Cape Town or in Durban). A hazardous 

waste landfill is very specific to the final storage of hazardous materials. This type of landfill has to be in an 

appropriate location with a geological context (soil, underground) that does not allow hazardous substances to 

disperse into the surrounding area in the case of a leak. One type of hazardous waste landfill that may be taken into 

consideration would be an underground landfill, which is located in a very impervious geological formation such as 

an old salt mine.Such landfills are operated in Germany and the UK for example. 

Additional design and operation requirements have to be set for such facilities due to the potential toxicity of the 

waste. Therefore, space in a properly operated hazardous waste landfill is limited and expensive: the disposal of 

entire lamps in hazardous waste landfills is not considered as a feasible option for the disposal of FLs (i.e. there is 

no point in storing glass and metals in hazardous waste landfills), which is true also in SSA. But they can be used to 

dispose of mercury powders extracted from FLs (see section on Recycling), which is current practice in some 

European countries (e.g. Germany) where the distillation of mercury for sale is not economically attractive. 

Mitigation principles 

In a hazardous waste landfill, which is supposed to be completely contained, and under the assumption that it is 

properly operated (an assumption that holds for all the specifications mentioned below), there is no further 

emission of mercury. 

In engineered landfills, for the purpose of simplification and conservative assessment (i.e. maximum risk), we 

consider that all fluorescent lamps that do not break during collection and transshipment break at the landfill. 

Mercury is directly released into the air until the lamps are covered by a sufficient amount of other waste. From that 

point, mercury is emitted via the landfill gas or washed out by rainwater over time. No study allowing an estimation 

of the respective proportions of mercury vaporized or washed out was identified. Given that mercury is highly 

volatile, it is assumed that 60% of the mercury is vaporized and 40% washed out.  
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 US EPA: Mercury Study Report to Congress; Volume II: An Inventory of Anthropogenic Mercury Emissions in the United States, 1997 
49

 Phone interview with Dr. Oehme, German Environmental Protection Agency (UBA) 
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It is important to note that a basically designed engineered landfill will not reduce mercury emissions, which will 

happen anyway, but will reduce the environmental impact by ensuring a sufficient distance from the local 

population who could be affected by airborne emissions and by limiting the pollution of ground water. 

To further mitigate mercury-related impacts, advance treatment in an engineered landfill could include 2 additional 

specifications. (1) An evaporation-based leachate treatment would divert emissions to water and soil towards 

airborne emissions that have a lower impact. Further activated carbon filtering would capture these emissions (i.e. 

about 35% to 40% of the initial amount of mercury content in the landfill) though this is not common (no such 

filtering identified in the benchmark) and is considered excessively costly. (2) An activated carbon filter after gas 

flaring would capture the airborne mercury emitted in the landfill and collected by the biogas pipe network, i.e. 

about 30% of the initial mercury content in the landfill). This filtering is also not common and rather expensive. The 

remaining 35% are emitted prior to treatment (airborne emissions at the time of or shortly after disposal). Therefore, 

the maximum theoretical capture potential is 65%. 

Encapsulation, by stabilization and solidification, and disposal in a secure landfill can also be used to reduce the 

mercury emissions by confining the mercury. As per the Hazardous Waste Classification System for South Africa, 

“Macro-encapsulation is the containment of waste in drums or other approved containers within a reinforced 

concrete cell that is stored in a specifically prepared and engineered area within a permitted Hazardous Waste 

landfill.” Macro-encapsulation is not allowed in South Africa. And “micro-encapsulation is a process in which tiny 

particles or droplets are surrounded by a coating to give small capsules.” For example in Thailand50, the FLs “are 

crushed safely to keep the mercury, the crushed material is sent to be mixed with sodium sulfide (Na2S) and cement 

in a mixing container for stabilization and solidification, respectively. Then, the mixture is put into 200-L containers 

and kept for 3 to 5 days to solidify. During the process, samples are taken for testing; if the amount of mercury 

leached is over the standard value, the material is sent back for  further stabilization. Conversely, if the result 

complies with the standard value, the stabilized material is sent to a secure landfill. Solidified material is filled into 

a secure area.” Stabilization is also used in Thailand for the mercury powders only extracted in a recycling plant. 

Feasibility and cost analysis 

The landfill option does not require a separate collection scheme, which is in line with what currently exists in SSA. 

However, “business as usual” is still uncontrolled landfill and many SSA countries still have a poor regulatory 

framework. Improved regulations and enforcement will therefore be necessary to ensure the sustainability of 

landfilling to higher standards (engineered or hazardous waste) and avoid roadside dumping. Moreover, sufficient 

funding must be properly planned. 

The cost of a landfill varies widely depending on the technical specifications and regulatory requirements. For 

example, in France, the costs for domestic waste landfilling (not including collection and transshipment) have risen 

from about US$3 per ton in the 1980’s to around US$70 per ton on average nowadays. The investment part may be 

around US$5m for a 1 million ton engineered landfill with only basic design requirements (with proper liner and 

basic leachate treatment, but without a landfill gas collection system or advanced leachate treatment). Together 

with operational costs, the unit cost may vary from US¢0.8 to 1.6 per CFL in developed countries. As labor costs 

represent a significant part of the operational costs of a landfill, the costs should be slightly lower in SSA. 

Investment costs for a landfill gas collection and flaring facility are in the range of US$200,000, which is relatively 

low compared to overall investment costs. The gas collection pipes are included in the operating costs. The leachate 

evaporation treatment costs are mainly for investment and vary widely from US$150,000 to US$1 million, 

depending on the technology used. No precise estimate of the cost of activated carbon filters for flared biogas and 

evaporated leachate was identified, though it is assumed that it may exceed US$500,000. 

Leachate evaporation and biogas treatment may not function properly in the case of decreased funding (lack of 

capacity for O&M) or deteriorating governance (lack of controls and regulatory incentives for the operator to ensure 

that treatment is effective). However, the costs of O&M for biogas and leachate treatment are rather low (less than 

1% of the total cost per ton in French landfills), which makes the operation of these treatment facilities less 

sensitive to income fluctuation. No risk assessment was carried out (or identified in the bibliography) for cases of 
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actual deterioration of these facilities. In such a case, the main mitigation factor might be proper location of the 

landfill to reduce unexpected impacts, which is actually a basic design rule for landfill. 

4.3.2 Incineration  

Operational principles 

Waste incineration can be done in a normal incinerator used for municipal solid waste or in a hazardous waste 

incinerator. Incinerators for hazardous waste differ slightly from normal incinerators, mainly in the furnace design 

and sometimes in temperature, depending on national regulations. For example in Germany, hazardous waste 

incinerators operate at a temperature of more than 1,200°C, whereas domestic waste incinerators operate at a 

maximum of 1,050°C. However, for mercury, the burning temperature has no impact on emissions as mercury is 

already vaporized at lower temperatures.  

If FLs are incinerated, mercury is included in the emissions and residues of the waste incinerator, i.e. flue gas 

(emission), fly ash, and bottom ash (residues). No scientific consensus has been reached on the toxicity of ashes. 

Regulations range from authorization to recycle ashes as building materials to obligation to send them to a 

hazardous waste landfill. The toxicity of bottom ashes is mainly linked to heavy metals, whereas fly ash (and used 

filters) also contain carcinogenic dioxins. For this reason, encapsulating the fly ash in concrete is not recommended. 

It should also be noted that mercury contained in MCLs, which is elemental mercury (Hg) would be unlikely to end 

up in the ash, which mostly contain HgCl2 and HgSO451. Other forms of mercury are emitted in the flue gases. 

Whether mercury in the flue gas is captured depends on the filter technology of the waste incinerator. Depending on 

regulations and treatment, filter residues after vitrification, which transforms contaminants into inert materials, can 

be disposed of at an engineered landfill suitable for inert wastes, or a hazardous waste landfill. It is important to 

note that, even in industrialized countries, the optimal disposal routes for ashes and residues from waste 

incineration are still under discussion and research. 

 

Figure 12: Flowchart of a state-of-the-art incineration process by TAKUMA Co., Ltd.
52
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 Source: Risk evaluation of leachable mercury from concrete products made with fly ash, 2007, McCann et al. This document also describes an initiative for fly 

ash recycling in concrete based in Hawaii. 
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Mitigation principlesAs per US EPA, it is estimated that 90% of the mercury content of fluorescent lamps goes into 

the flue gas; the rest goes into fly and bottom ash (5% each)
53

. Mercury emissions from flue gas depend on the filter 

technology used. If activated carbon filters are used, the mercury control rate reaches 90%, as activated carbon 

filters adsorb most of the mercury in the flue gas, whereas other filters have no effect on mercury. A recent study 

from Austria shows that a control rate of more than 90% of mercury emissions can be achieved in waste 

incinerators. In this case, the vast majority of the mercury (91–94%) ends up in the filter residues. But activated 

carbon filters, which are mostly used in hazardous waste incinerators (rather than municipal waste incinerators), are 

still relatively new even in industrialized countries. For example, in 1997, only one out of 162 hazardous waste 

incinerators in the US was equipped with this filter technology. If active carbon technology is not used, the control 

rate can be as low as 0% on the flue gas.  

However, if fly ash, bottom ash, and filter residues are disposed of in landfills, the mercury may eventually be 

emitted to the air or washed out (see the Landfill option). If the activated carbon technology is not used, the mercury 

emissions at the landfill will be limited because most of the mercury would be released in the flue gas at the 

incinerator. But in the other case, a safe solution is needed for the final disposal of the residues, e.g. a well 

managed hazardous waste landfill site designed for hazardous waste. If such a site cannot be established in SSA 

countries, export to Europe for final disposal of residues could be an option, but this would have to be in compliance 

with the Basel protocol.
54

  

Feasibility and cost analysis 

MCLs may be incinerated in a hazardous or domestic waste incinerator. An incinerator, unlike a landfill, is a very 

high-tech facility that absolutely requires real expertise and excellence in operation and maintenance, including 

monitoring and surveillance of the installation. Sustainable funding, a 24/7 electricity supply, and strong and 

actually enforced regulations are sine qua non conditions. Proper operation and maintenance is a major issue in 

incineration, which may generate more risks than it mitigates. Excessively low temperatures, in particular, lead to 

high emissions of dioxins and furans, both highly carcinogenic molecules generating emissions that “present a 

serious health risk”
55

. This is the reason why many decision makers in Europe have chosen landfilling rather than 

incineration, and in some cases have even banned, at least temporarily, the construction of new incinerators. 

Some incinerators are already in operation in SSA, for example in Nigeria, where they are designed for medical 

waste and for some hazardous waste produced by the oil industry. But these installations are not always properly 

operated. According to an industrial operator in Nigeria, “some enterprises would rather pay a (rather small) annual 

fine than comply with the regulation [on incinerators], which is more or less a copy of the British one. The problem is 

not the regulation, but its enforcement.”  

Costs of waste incineration depend on plant capacity as the initial investment is the determining factor. Market 

forces and political measures (such as the ban on untreated municipal solid waste in landfills in Germany) also have 

a big influence on the cost of incineration. Those vary from 60 US$ per ton to US$400 per ton. A realistic 

incineration price in a state-of-the-art incineration plant based on costs rather than political measures and under- 

or over-capacities can be estimated at US$100-150 per ton under European conditions. With an average weight of 

190 g for FL, this means a price range of US¢2 to 3 per lamp. Most of these costs are capital costs and can 

therefore not be significantly reduced with lower operating costs in SSA. In addition to the investment and operating 

costs, the cost for sending used filters to hazardous waste landfilling may reach US$1,000/t (based on French 

prices), or about US¢20 per lamp. And in the case of the advanced technology, the treatment of one ton of waste 
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 US EPA: Mercury Study Report to Congress; Volume II: An Inventory of Anthropogenic Mercury Emissions in the United States, 1997 
54

 In fact, hazazrdous waste export is already being considered in few cases in SSA. For example, the Africa Stockpiles Program, a program funded by the World 

Bank and the FAO, is studying this option to clean up obsolete pesticides in Africa. A computer dismantling facility operated by IBLF and funded by the World 

Bank, which is about to open in Ethiopia, plans to send back hazardous waste generated to Europe – where the computers are shipped from – for treatment 

and/or recycling. A cement plant operator in Nigeria indicated that used filter residues were sometimes sent to Europe for treatment – cement plants have 

emission issues that are similar to those of incinerators. In another example, the Total group in Nigeria sends used cartridges abroad to be recycled by Hewlett 

Packard. 
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 As stated in a report from the website of the Basel Convention : Report Of Regional Workshop On Successful Case Studies Of Recycling, Reuse And Resource 

Recovery Methods Towards The Environmentally Sound Management (Esm) Of Hazardous Wastes In Africa, Conference Centre, University Of Ibadan, Ibadan, 

Nigeria. 9th –12th August 2004 
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requires the use of 350g of activated coal
56

 for a cost of about US¢35, equivalent to about US¢0.007 per lamp
57

, 

which is not very significant. 

4.3.3 Lamp recycling and mercury extraction 

Operational principles 

The recycling process for fluorescent lamps is mainly based on (a) separating the glass and metal parts, and (b) 

isolating the fluorescent powders, which contain mercury. All recycling machines use the principle of crushing the 

lamps in a safe environment (sub-pressure) followed by the separation of glass, metal and fluorescent powder using 

either a dry or a wet washing process. The most widely known technology for recycling fluorescent tubes is the 

endcut-airpush technology, which separates the metallic end caps first and then blows the fluorescent powder out 

of the intact glass tube for further processing. This mechanical technology cannot be applied to compact 

fluorescent lamps, for which the ballast must be manually cut from the glass of the lamp. Recycling machines 

suitable for CFLs can process either complete or pre-crushed lamps. Existing machines for lamp recycling range 

from “compact, crush & separation” plants with a processing capacity of 2,000 lamps/hour to large “crush & sieve” 

plants with a processing capacity of 6,000 lamps/hour or 1,750 kg of pre-crushed material per hour. These highly 

automated plants can usually be operated by one person.  

 

Figure 13: treatment plants for CFL processing 

The following figure shows the process steps for a dry shredding process which can be applied to all types of 

fluorescent lamps (the plants shown above use a dry shredding process). Not represented here is the pre-required 

separate collection. 

 

Figure 14: Dry shredding process for CFLs 
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 Based on a note by the French ADEME (state agency for Environment and Energy) 

http://www2.ademe.fr/servlet/getBin?name=6DB22995DEC35788B676FF4D97A43FC81154006628606.pdf  
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 The increase in the density of the filter due to adsorption is not taken into account here. Considering a maximum density of 14 for mercury, compared to a 

density of activated carbon around 0.2, the unit cost would still be below 0.3 US¢ per lamp. 

 

Crush & Sieve plant
Source: MRT Sweden

Compact Crush & Separation plant
Source: MRT Sweden

Mercury Distiller
Source: MRT Sweden

http://www2.ademe.fr/servlet/getBin?name=6DB22995DEC35788B676FF4D97A43FC81154006628606.pdf
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In the second stage, fluorescent powders are either recycled or disposed of in hazardous waste landfills. In the first 

option, they can be further processed for mercury recovery in a batch or continuous flow distiller to extract the 

mercury from the fluorescent powders. Distillation can generate pure mercury (more than 99.9%) for sale. In the 

second option, mercury containing fluorescent powder must be further disposed of in safe conditions. The best 

disposal solution so far, and currently the only feasible disposal option known, is at a hazardous waste landfill, as 

required by European regulations. For most lamp recycling companies in Europe, where recycling is mandatory, the 

actual decision between distillation and disposal in a day-to-day business depends on the availability of 

downstream markets. The latter option is quite often chosen in countries with a full scale take-back and recycling 

system, due to very low expected income from mercury recycling (for example, the entire mercury trade in France 

generates no more than k€60 per year). In Austria, for example, it is reported that 100% of the fluorescent powder 

from compact fluorescent lamps treated in the country is disposed of at hazardous waste landfills. A third option is 

to export the fluorescent powders for further processing, as also described for carbon activated filters in the 

incineration option (for additional details, see section on Incineration). 

 

Figure 15: End-product chain of FL recycling with mercury distillation (source: Veolia Environment) 

Mitigation principle 

Airborne mercury emissions from recycling operations are estimated at 1% of the contained mercury, through 

vaporization58. The main sources of emissions are as follows: 

► Part of the mercury, which is in the form of gas inside the bulb, may be released when the metallic part/ballast is 

removed. Wet washing may also produce contaminated effluents (but not with endcut-airpush technology). To 

mitigate the associated risk, specific air management and treatment would be required, such as operating in a 

sealed room with ventilation and active carbon filtering of the air. 

► The glass of the lamp can also contain some traces of mercury, which would have been “absorbed” by the glass 

during the lifetime of the lamp. The glass can then be disposed of in landfills or reused (for example for 

containers or civil engineering materials). It should however be stressed that in developed countries the use of 

mercury-tainted glass recycled from MCL is strictly regulated, as its use is prohibited in food containers. 

Therefore, this option has to be considered carefully in SSA where weak regulation or lack of enforcement could 

lead to the dissemination of contaminated glass. 

► If the mercury containing powder is disposed of in an uncontrolled landfill, emissions are expected to be similar 

to those from direct disposal in uncontrolled landfills. 
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 US EPA: Mercury Study Report to Congress; Volume II: An Inventory of Anthropogenic Mercury Emissions in the United States, 1997 
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► If fluorescent powders are distilled for mercury recovery, mercury enters a new lifecycle and no further emission 

is to be expected in the waste management chain. Furthermore, recycling and reusing mercury, though on a 

small scale, is a positive step towards reducing the demand for primary mercury extraction, therefore reducing 

the global quantity of mercury in the environment. 

Feasibility and cost analysis59 

The initial investment for a fluorescent lamp recycling plant is relatively high and independent of the plant capacity 

(number of units processed per year). As a result, fixed costs are quite high in comparison to variable costs. Under 

European conditions, investment and operating costs in a Crush & Sieve plant are estimated to be in a US¢20-25 

per CFL range for a load capacity of one million lamps per year (small capacity) and in a US¢1-2 per CFL range for a 

capacity of 25 million lamps per year (operation in 2 time shifts)
60

. The following figure shows the relationship 

between fixed costs (depreciation, financing and non-income related taxes) and variable costs (labor and energy 

costs) for different plant capacities under German conditions for an example plant. Since variable costs are low 

relatively to fixed costs, total costs will not be significantly lower in the SSA context where labor costs are low, for 

example. 

 

Figure 16: Fixed and variable annual costs (in US$) for a Crush&Sieve plant, depending on the plant capacity 

Financial interest for the recycling solution will therefore mostly depend on the market size. In the context of SSA, 

where the global SSA EoL FL market is estimated at 200 million units in 2020 (average value of the projection 

presented in Section 2), the lowest cost and highest capacity recycling technology available (capacity of 20 million 

lamps per year) could only be considered for the South African and Nigerian markets. But even there, considering a 

realistic collection rate of 30% (as reported in the US and in Europe after more than 10 years of FL recycling market 

development), this technical option is unlikely to be feasible in one country. Extending the market to other countries 

could be considered but sub-regional markets may still be insufficient for the 20 million lamp technology. One 

solution to overcome this size barrier would to combine EoL FL waste management with FL manufacturing waste 

management, which would be relevant for the Philips manufacturing plant in Lesotho, the only one that exists in 

SSA. 

Mercury treatment 

As stated previously (see Section on Landfill), hazardous waste landfill costs are considered not significant.  

Mercury distillation is estimated to cost between US¢2 to 5 per CFL, which adds about 18% to the FL recycling 

costs. The revenues that may be expected from the sale of the recycled mercury are negligible (see table below). 

They are estimated at around US¢0.01 per CFL (i.e. less than 1% of the cost at best). To improve the profitability of 
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 The lamp recycling market is still young and mainly privatized, making it difficult to collect data on the economics of the market. The following cost analysis is 

based on some European experiences. 
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 Calculations are based on price information and technical data sheets provided by MRT Systems, German labor costs, costs for industrial land and 

construction in Germany published by KPMG and German energy prices published by Eurostat 
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this solution, the mercury distiller can be used for other wastes or for fluorescent powders generated in other FL 

recycling plants. For example, it could be used to process mercury-containing batteries together with fluorescent 

powder.  

Recycling of other materials 

The other components of a CFL may also be recycled, especially glass and metals. The process for recycling these 

components has not been studied, but the financial interest of recycling glass and metals has been evaluated, 

based on a 1.2 meter FT
61

. Revenues from recycled glass
62

 or aluminimum would have a modest impact on the 

economic relevance of CFL recycling as they would not exceed 10% of the costs in the case a high capacity plant. 

Component Weight per 
bulb 

Market price Unit revenue Revenue for 
1,000,000 lamps 

Revenue for 
20,000,000 

lamps 

Glass 230 g 50 US$/T
63

 0.0115 US$/unit 11,500 US$ 230,000 US$ 

Aluminum 2 g 2,500 US$/T
64

 0.005 US$/unit 5,000 US$ 100,000 US$ 

Steel 0.5 g 500 US$/T
65

 0.00025 
US$/unit 

250 US$ 5,000 US$ 

Mercury 0.01 g 30,000 US$/T
66

 0.0015 US$/unit 1,500 US$ 30,000 US$ 

Other elements No significant value 

Total - - 0.017 US$/unit 17,000 US$ 340,000 US$ 

Table 10: Revenue generated through recycling 

In addition to financial considerations, recycling feasibility would also rely on the organization of an efficient 

separate collection scheme, either for whole lamps or using pre-crushing machines for volume reduction. 

4.4 Mitigat ion potential 
Mercury emissions in the different stages of the disposal chain are estimated for each MCL collection and 

treatment option presented above, and compared to the worst-case scenario. Seven scenarios are considered, each 

one being a combination of the collection, transport and treatment options, as summarized in the following table. If 

EoL lamps are collected through MSW collection, the extraction or recycling options cannot be chosen afterwards 

because separation of EoL lamps from the other waste after collection would not be possible. 

 

Scenario Description 

A Lamps are collected as part of the domestic waste collection scheme without a compression 
system. Disposal takes place in an uncontrolled landfill. 

B Lamps are collected as part of the domestic waste collection scheme with press container trucks. 
Disposal takes place in an uncontrolled landfill. 

C Lamps are collected as part of the domestic waste collection scheme without a compression 
system. The lamps are disposed of in an engineered landfill with LFG flaring and leachate 
evaporation systems and without activated carbon filtering. 

                                                                        
61

 Hilkene et al: Background Study on Increasing Recycling of End-of-life Mercury-containing Lamps from Residential and Commercial Sources in Canada, 

2005 (http://www.zeromercury.org/International_developments)  
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 which, as mentioned earlier, should not be reused in products such as food containers, whether regulated or not. 
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 Source : UK recycling information web site (http://www.letsrecycle.com/prices/glass/)  
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 Source: London Metal Exchange (http://www.lme.com/aluminium.asp) 
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 Source : London Metal Exchange (http://www.lme.com/steel/latest_price.asp)  
66

 Source : French stock exchange information site (http://bourse.investir.fr/bourse/cotations/fiche/fiche.jsp?code=MER&place=WMPCB&codif=OPID)   

http://www.zeromercury.org/International_developments
http://www.letsrecycle.com/prices/glass/
http://www.lme.com/aluminium.asp
http://www.lme.com/steel/latest_price.asp
http://bourse.investir.fr/bourse/cotations/fiche/fiche.jsp?code=MER&place=WMPCB&codif=OPID
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D Lamps are collected as part of the domestic waste collection scheme without a compression 
system. The lamps are disposed of in an engineered landfill with gas flaring and leachate 
evaporation and activated carbon filtering. 

E Lamps are collected as part of the domestic waste collection scheme without a compression 
system. The lamps are processed in a state-of-the-art incinerator equipped with filter technology 
using activated carbon injection. 

F Lamps are collected as part of the domestic waste collection scheme with press container trucks. 
The lamps are processed in a state-of-the-art incinerator equipped with filter technology using 
activated carbon injection. 

G Lamps are collected through a separate collection scheme for EoL lamps. The lamps are recycled 
and mercury is recovered either for recycling and sale, or for safe disposal in a hazardous waste 
landfill. 

H Lamps are collected as part of the domestic waste collection scheme without a compression 
system. The lamps are incinerated in an incinerator without proper filtering. This type of waste 
processing is quite common for medical waste in Sub-Saharan Africa so this scenario has been 
added for comparison with a treatment option already available. 

 

The emission model developed is based on the following main parameters: temperature, breakage rate, and time of 

emissions, as detailed below. In this comparative exercise, the initial mercury content of the lamps does not 

influence the results. 

► The ambient temperature is 30° C. 

► In the domestic waste collection scheme, lamps stay in the waste bin for 168 hours before collection, and the 

breakage rate is 30% before collection. If a truck with a press container, which reduces the volume of the waste 

during collection (compression rates typically lie within a range of 1:2 to 1:5), is used, the remaining 70% lamps 

break during collection and transport resulting in a 100% breakage rate before the final destination. If the waste 

is not compressed, a significant number of lamps will reach the final destination (landfill or incinerator) 

unbroken, and an extra 10% breakage rate during collection and transport is assumed.  

► In a separate scheme for lamps, the average time until pickup is 336 hours, the breakage rate before collection 

is 15%, and the breakage rate during collection and transport is 10%. 

► The average time until processing is 48 hours in both domestic and separate collection, i.e. EoL lamps are 

treated (by recycling or disposal) 48 hours after collection. 

► In a controlled (engineered) landfill without open-air burning, 72 hours elapse before the waste lamps are 

sufficiently covered by other waste so that mercury emissions are mixed with the landfill gas. 

► The following emission factors (share of the amount of mercury entering that is emitted through evaporation) are 

used for the treatment options. The ‘state-of-the-art incineration’ emission factor refers to an incineration 

process in a plant using filter technology capable of mercury adsorption, i.e. activated carbon injection.  

Treatment Emission factor 

Landfill (controlled)
67

 0.6 

State-of-the-art incineration68 0.1 

Incineration without filtering
46

 0.8 

Recycling
69 0.01 
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 Mercury Policy Project: Reducing global emissions from burning mercury-added products, 2009 
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 Obermoser, M., Rechberger, H.: Technisch-naturwissenschaftliche Grundlagen für den Vergleich von Kompaktleuchtstofflampen mit herkömmlichen 

Glühlampen (TENAKO), final report, Technical University of Vienna, 2008 
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 US EPA: Mercury Study Report to Congress; Volume II: An Inventory of Anthropogenic Mercury Emissions in the United States, 1997 
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In the graph below, the scenarios are indexed to the scenario resulting in the highest mercury emissions, which has 

100% emissions; all other scenario results are set in relation to this index, i.e. the resulting emissions are presented 

as a percentage of the maximum possible emissions. The scenario with the lowest total percentage has the highest 

mitigation potential. 

 

Figure 17: Potential emissions of mitigation scenarios 

The A and B scenarios, where final disposal is at an uncontrolled landfill, clearly cause the highest emissions and 

high pollution of soil and water around the landfill. As uncontrolled landfills do not have a liner protecting 

groundwater or soil, the mercury remaining in the waste lamps will be washed out by rainwater over time (elution), 

contaminating water and soil. The difference between these scenarios is only the point in time when the emission 

occurs. In scenario B, the waste is compressed during collection causing immediate breakage of all lamps 

collected. This leads to significantly higher mercury emissions during the collection stage, and less during 

treatment. 

Scenario C involves an engineered landfill with advanced technologies (LFG flaring and leachate evaporation 

systems that divert water emissions to airborne emissions) that is not equipped with activated carbon filters. All 

mercury is emitted to the environment as in scenarios A and B, but there is no pollution of soil and water around the 

landfill. Engineered landfills are sealed against groundwater and soil, so no elution takes place in this scenario in 

the case of evaporation-based leachate treatment. However, post-treatment leachate released to the environment 

still contains airborne mercury emissions. Overall, the total impact on the environment will be lower (as explained in 

section 4.3). 

In scenario D, involving an engineered landfill with advanced technologies (LFG flaring and leachate evaporation 

systems, equipped with activated carbon filters), emissions are much lower than in A, B, and C. When both systems 

are equipped with activated carbon filters, almost all post treatment airborne mercury emissions are captured. The 

remaining emissions that show up in the graph are due to breakage at the time of or shortly after disposal. 

Scenarios E and F include state-of-the–art waste incineration. In these scenarios, the emissions during collection 

and transport are the highest within the scenario, reducing overall performance. In Scenario E, with a breakage rate 

of 100% before treatment, emissions are significantly higher than in scenario D. 
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Scenario G (recycling) produces the lowest overall emissions. These mainly happen during the logistics process 

(lamp breakage). Emissions from other lamp materials (glass, aluminum, etc.) are limited as mercury remaining in 

those materials is expected to be non-significant. If these other materials are recycled, precautions must be taken, 

for example to avoid the use of glass in the production of food containers. 

In scenario H, where lamps are incinerated without proper filtering, mercury is released with the flue gases, and 

additional emissions after the incineration process are possible depending on the treatment of the residues. 

4.5 Funding options and economics 
The treatment options listed above involve significant operational and capital expenses. Potential revenues from the 

sale of recovered materials are not inconsiderable although they do not significantly alter the general economic 

balance. Therefore, the MCL waste market is not financially sustainable and other funding sources are necessary to 

develop any of these treatment options.  

NB: waste-to-energy is possible in engineered landfills, but MCLs do not generate any energy (contrary to most 

domestic waste) and therefore cannot be included in accounting for revenues from energy production. 

The costs induced by these scenarios can be financed through specific taxation or specific fees for waste treatment. 

Some possible options are listed below. 

► Payment by the electricity utility: This is relevant as the promotion of MCL use is usually included in national 

electricity strategies for increasing energy efficiency and reducing electricity consumption and peak loads. There 

are two potential sources of funding . 

o The first option is to consider that the savings resulting from the energy efficient lighting program 

can absorb these additional costs for the utility.  

o The second option is to charge a service fee to the customer through electricity billing systems. 

Showing the costs of MCL waste management on the bills is a way of ensuring transparency, and 

can also facilitate awareness and acceptance of these costs among the population. Electricity 

utilities can also choose to charge the costs of MCL waste management to some customers only, 

such as large electricity consumers, and avoid levying an additional charge on the poorest. 

► Enforcement of an eco-tax: The principle of this process, increasingly used in Europe, is to include a tax in the 

price of lamps to cover collection and treatment costs. This has the financial advantage of generating a positive 

cash flow, but it does raise some issues: 

o it might turn out to be counterproductive in the case of aversion to price rises among consumers 

(NB: the unit cost is low for scenarios A and B); 

o tax collection could prove to be exceedingly difficult, especially if imports are not properly 

monitored, in which case this eco-tax would lead to a competitive disadvantage for importers and 

retailers who comply with the rules; 

o all consumer categories contribute equally to funding, regardless of income levels or of whether or 

not the scheme being financed actually covers the consumer (for example if the domestic 

collection rate is close to zero). 

► Lamp manufacturers, as the primary beneficiaries of the MCL market, may contribute directly or indirectly to the 

development of a waste management scheme, similarly to what is implemented in the Extended Producer’s 

Responsibility scheme in the EU. They could indeed be required under national regulations to take charge of the 

waste generated by the goods they produce. This could lead to their creation of a treatment facility, which could 

be extended by the public institutions to also cover consumer waste.  

► Such projects could also be financed using public funds without any specific taxation or fee for waste treatment. 

It could also be partly funded by international funds. 

In most of the funding options presented above, the costs are borne in some indirect way by lamp users. Considering 

the high costs of some of the waste management options, this can be a significant barrier for the CFL market in SSA 

where the poverty level is high. The poorest households, for whom lighting is the main service provided by electricity 
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access, may not be able to afford the cost of waste management added to the initial lamp investment, which would 

result in a step back to the use of incandescent bulbs. 

In the scenario where the lamp user pays for waste management, the question then is to understand what cost the 

population, potentially broken down by income level, is willing to pay to ensure proper waste management of the 

CFLs and associated risk mitigation. For example in March 2010, a workshop on CFLs took place at Cheikh Anta 

Diop University in Dakar (UCAD). Senegalese state authorities, electricity and urban planning agencies, enterprises 

and community organizers met for three days and shared their ideas on how to optimize CFL management, including 

EoL management. A prominent environmental scientist at UCAD and chief editor of VIE magazine (Environmental 

News) is confident that action is going to be taken and declares that: “Incandescent lamps are going to be banned 

by the government”. He added that “our surveys show that users are willing to pay 200 FCFA [or 0.40 US$] per lamp 

for the EoL management [and] authorities are in touch with MRT” [one manufacturing leader of MCL recycling 

plants]. 

4.6 Comparative assessment 
There are many options for MCL waste management. In the following table, three specific treatment options have 

been assessed, an engineered landfill, incineration and a mercury recycling facility, based on a set of criteria, 

mainly: 

► the mercury risk mitigation and emission reduction potential, i.e. the potential benefit of the solution from an 

environmental and health perspective 

► the general feasibility of the issue, including the regulatory framework, operational capability and financing that 

would be necessary 

► Peripheral considerations such as the collection scheme that would be required to implement such an option or 

additional benefits such as mitigation spillover and/or income generation 
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Criteria Engineered landfill Incineration Mercury powder extraction and/or 
recycling 

Mercury 

emissions 

reduction 

potential  

In a normal engineered landfill, emissions are 

not reduced. 

Emissions at the facility can be reduced by 

50% (through biogas and leachate treatment 

with advanced filter technology). 

About 50% of emissions during DSW* 

collection and at the time of or shortly after 

disposal cannot be reduced. 

Emissions can be reduced by 20% in a normal incinerator, 

and by 90% in a state-of-the-art incinerator (with advanced 

filter technology) 

In addition, about 30% of emissions during DSW* collection 

cannot be reduced. In the case of hazardous waste or 

separate collection, emissions are about 10%. 

Emissions in a recycling facility are only 1%. 

In addition, emissions during collection (separate 

scheme) are about 10% (from accidental breakage). 

With proper handling, breakage and resulting 

emissions can be reduced. 

Risk mitigation Low risk associated with airborne emissions, 

and even mitigated for the surrounding 

population compared to uncontrolled landfill 

Ground water pollution avoided through 

waterproof lining 

Open water pollution avoided in case of an 

evaporation-based leachate treatment 

High risk in the case of a separate scheme due to lamp 

concentration 

Very high risks if poor O&M 

Filters must be stored in hazardous waste landfills or 

exported 

High risk due to lamp concentration 

Efficient risk mitigation if normal safety procedures 

applied (contingency plans, proper ventilation) 

O&M issues  High skills not required 

Proper site location recommended for 

maximum mitigation 

High-tech facilities requiring highly competent operators 

Negative social impact due to loss of work for waste 

scavengers 

24/7 electricity supply must be ensured 

Simple facilities based on one high-tech machine 

Requires air management and/or treatment and 

proper safety protocol in case of breakage 

Regulatory 

requirements  

Enforcement of basic national waste 

management policies and regulations 

Strict regulation & control of incineration 

Provisions for hazardous waste landfills or filter export 

possibilities 

Provisions for employment of waste scavengers in sorting 

plants would be a plus. 

Strict regulation & control of glass management (e.g. 

prohibition of reuse in food packaging) 

Provisions for hazardous waste landfills or mercury 

export possibilities for the mercury powders (if not 

recycled) 

Strict regulation on the mercury market if sale of 

recycled mercury 

Economics  Low CAPEX and OPEX High CAPEX, sustainability of funding is crucial to maintain Average CAPEX and high OPEX, with high variability in 
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MCL in landfills actually comes at very little 

extra cost since landfill would be built for 

wider purposes (municipal waste) 

O&M 

MCL in incineration actually comes at very little extra cost 

since incinerator would be built for wider purposes (domestic 

or hazardous waste) 

marginal costs depending on the market size and the 

plant capacity (factor of 1 to 5 from the small and the 

high capacities)  

Recycling equipment specific to MCL  

Sustainability of funding crucial to maintain good 

O&M 

Collection 

requirements 

Domestic Solid Waste collection Domestic Solid Waste, Hazardous Waste, or separate 

collection, depending on the incinerator category 

In case of activated carbon filters, avoid waste-compacting 

trucks to maximize amount of mercury recovered at the 

treatment facility 

Separate collection, requiring proper handling to 

avoid breakage (training for workers needed) 

Pre-crushing is relevant for business users 

Additional 
benefits 

Significant environmental benefits compared 

to uncontrolled landfill 

Potential for biogas and leachate treatment to 

recover mercury 

Limited emissions with proper filter technology 

Minimal land occupation 

Recycling and resale of glass (proximity of lamp 

factory is a plus) and metals, in addition to mercury, 

with somewhat relevant potential income 

Mercury is completely recovered and reentered in the 

market, reducing the quantity of mercury that needs 

to be extracted globally 

 

*DSW: Domestic Solid Waste 



 

 

5 The bigger picture 
This section aims to put EoL FL waste management in a broader perspective that any policy-maker should keep in 

mind at all times in order to make the most appropriate decision possible.  

► What should be the priorities to mitigate the associated environmental and health risks?  

► Are there more cost-effective options upstream to reduce the amount of mercury at source? 

► Are there other considerations that could affect the management of MCL waste? 

5.1 Other sources of mercury  
As stated in the market study, the high range of CFL waste flow in SSA is estimated at 105 million units per year by 

2020. The waste flow of other types of efficient MCLs used by businesses, such as fluorescent tubes, could not be 

estimated, but for the purpose of comparison with other sources of mercury, it is assumed to be equivalent to the 

CFL waste flow in unit terms. With a conservative hypothesis of a mercury content by that time of 7 mg per CFL on 

average and 11 mg per FT, total mercury contained in EoL MCLs in SSA would be 1.68 tons per year by 2020, which 

is very conservative. For South Africa, which is the second biggest market with a CFL waste flow of 15.8 million 

units, and taking the same hypothesis as for SSA, the MCL waste flow would represent 0.28 tons of mercury per year 

by 2020. 

Different geographical scales - national, regional or worldwide - are used to compare the risk related to mercury 

from different sources. UNEP and other references provide a broad overview of mercury sources worldwide and in 

Africa – as shown below – allowing this comparison to be made.
 70 

► Worldwide – batteries (200 tons/year), dental use (270 tons/year), measuring and control devices (125 

tons/year) or electrical and electronic devices (110 tons/year)
71

, compared to lighting (125 tons/year 

worldwide) 

► Africa (mainly SSA
72

) – Elemental mercury used for artisanal gold mining: 86 tons per year
73

. 

► South Africa – a 2008 South African study
74

 estimates that mercury emissions from coal power plants range 

from 2.6 to 17.6 tons per year with an average of 9.8 tons per year. 

► South Africa - in South Africa, the replacement of a 60W IL by a 13W CFL operating 8,000 hours results in about 

12 mg of mercury emissions avoided as per the table below.
75

 At the same time, since CFLs contain mercury, 

they will cause additional landfill emissions as opposed to ILs. However, the level of overall emissions will 

decrease after the replacement of a 60W IL by a 13W CFL since emissions reductions from lower energy 

consumption will be higher than the increase of emissions from landfilling as per the figure 18 below. If the 

South African CFL market size (different from the waste flow) is about 58 million units (see Appendix 2), and the 

other MCL market size is similar, mercury emissions avoided due to electricity savings generated from the use of 

efficient lighting would amount to 1.38 tons per year. 

                                                                        
70

 UNEP, Technical Background Report to the Global Atmospheric Mercury assessment, 2008 
71

 http://www.chem.unep.ch/mercury/Sector-Specific-Information/Docs/Business%20plans/Products%20Business%20Plan.doc 
72

 Gold mining is mainly located in SSA rather than North Africa. 2006 gold production was 1.9 tons in North Africa and 486 tons in SSA 

(http://www.mineralinfo.org/AS3M/Or/ProdMonde.htm) 
73

 Gold mining uses mercury, particularly in small production units (artisanal mining), which are quite common in SSA. In 2000, Greenpeace estimates that 500 

tons of mercury were used by gold mining and 95% of it released to the environment, i.e.; 475 tons worldwide. 

(http://www.chem.unep.ch/mercury/GMA%20in%20F%20and%20S/final-assessment-report-F-revised.pdf). Africa accounted for 22.6% of gold production 

in 2006 (http://www.bgs.ac.uk/mineralsuk/commodity/world/home.html World mineral production 2003-2007, British Geological Survey) 
74

 Anthropogenic mercury emissions in South Africa: Coal combustion in power plants, study by South African CSIR (Council for Scientific and Industrial 

Research) and Department of Marine Sciences, University of Connecticut 
75

 In the US, as the use of CFLs reduces electricity consumption and, hence, coal power plants emissions, Energystar estimates that use of an incandescent 

lamp instead of a CFL would lead to three times more mercury emissions in the US (5.8 mg per lamp for IL; 1.8 mg per lamp for CFL – based on USA data: 0.012 

mg Hg/kWh emitted by coal power plants). http://www.energystar.gov/ia/partners/promotions/change_light/downloads/Fact_Sheet_Mercury.pdf; 

Energystar is an EPA and US DOE program 

http://www.energystar.gov/ia/partners/promotions/change_light/downloads/Fact_Sheet_Mercury.pdf
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 Power Hg contained 

in a lamp 

Operating 

time 

ZA electricity 

generation* 

Hg emissions 

from 

electricity76 

Total Hg 

emissions 

 W Mg hours kg Hg/GWh mg mg 

Incandescent 

lamp 

60 0 8000 0.041 19.68 19.68 

CFL 13 5 8000 0.041 6.264 9.264 

Table 11: Mercury emissions from lamp use in South Africa – comparison between IL and CFL  

* Conservative value, not including emissions from fuels other than coal 

 

Figure 18 (Source: US EPA): Comparison of mercury emissions between an IL and a CFL in South Africa over the CFL lifespan
77

 

► Earth crust land filling is authorized in Johannesburg landfills up to 1.4 million tons of waste. According to the 

French Ministry of Environment 
78

, mercury concentrations in the Earth’s crust range from 0.1 to 0.5 ppm, or 0.1 

to 0.5 g per ton. Earth crust land filling would therefore account for 0.14 to 0.7 tons of mercury per year in 

Johannesburg landfills. 

While it is clear that the use of MCLs raises an environmental risk when the devices enter the waste flow, especially 

for workers as explained in Sections 3 and 4, the contribution of MCLs to the overall environmental challenge due to 

mercury is quite limited when considering airborne deposition, and can even be positive if electricity savings 

generated by these energy-efficient lamps are taken into account. 

5.2 Upstream measures 
While waste management solutions may reduce mercury emissions from MCLs into the human environment, by 35% 

for an engineered landfill, and by up to 90% in recycling facilities, reducing the use of mercury at source may have 

just as much impact. Four main measures can be implemented as described below. While it was not possible to 

estimate the costs of implementing these measures,
 

some of them appear to be cost-effective compare to 

expensive waste management options (recycling in particular). 

Measure Mitigation principle Initiator 

                                                                        
76

 In South Africa, as per Anthropogenic mercury emissions in South Africa: Coal combustion in power plants - Dabrowski et. Al - 2008, mercury emissions from 

coal power plants were estimated on average at 0.087 g Hg/t coal burned (ranging from 0.02 to 0.16). As per Digest of South African energy statistics 2006, 
Department of Minerals and Energy, total electricity generated in South Africa in 2004 was 234,045 GWh, with more than 90% from coal-fired power plants. 

The same year, 110 Mt of coal was used for electricity generation or 0.0452 kg Hg/GWh generated by coal-fired power plants. Not considering mercury 

emissions from fuels other than coal, mercury emissions from South African power plants are about 0.0410 kg Hg/GWh.   
77 EPA estimates that most mercury vapor inside fluorescent light bulbs binds to the inside of the light bulb as it is used, and that the rest of the mercury within a 

CFL – about 14 percent – is released into air or water when it is sent to a landfill, assuming the light bulb is broken. This example is based on 8,000 hours of use 

(entire lifetime) and a national average of mercury emissions from power generation of 0.0.12 mg/kWh. 

http://www.energystar.gov/ia/partners/promotions/change_light/downloads/Fact_Sheet_Mercury.pdf 
78

 http://www.developpement-durable.gouv.fr/energie/matieres/textes/ecomine_note_mai05.htm 
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Reduce the amount 
of mercury per MCL 

The major international lamp manufacturers and 
distributors claim that mercury content has 
been reduced from 7 mg in a CFL to 3 mg in 
general. In some cases, this figure is down to 1 
mg, i.e. an 85% reduction in mercury content. 

 

Regulator: setting regulatory standards 
for maximum mercury amount per bulb79 

Manufacturers: improving bulb 
technology to reduce the need for 
mercury* 

Consumers: increased pressure for 
environment-friendly products 

Increase the 
lifespan of MCLs 
and overall quality  

While most common CFLs available on the 
market had a 6,000-hour lifetime until recently, 
the main lamp manufacturers are producing 
CFLs with a lifespan of 10,000 hours and more. 
This measure aims to reduce the overall quantity 
of bulbs distributed (and disposed of every) 
year, leading to mercury reduction of about 40% 
or more. 

Regulator: 
 setting regulatory standards for MCL 

lifespan 
 

Manufacturers: improving bulb 
technology to increase the resistance 
and lifespan of the bulb* 

Reduce lighting 
usage to increase 
lifespan 

Given that a lamp lasts for a fixed number of 
hours, reducing the number of hours a lamp is 
turned on daily increases its yearly lifetime. This 
measure aims to reduce the overall quantity of 
bulbs distributed (and disposed of) every year. 

This measure may be relevant in some rich areas 
or in businesses, but poor populations usually 
already limit lighting time as far as possible due 
to billing constraints. 

Regulator: 
 energy efficiency awareness 

campaigns 

Consumers: behavioral shift towards less 
energy consumption 

Switch to mercury 
free bulbs 

Eliminating the use of mercury in lamp 
production, for example with LED technology. 

Manufacturers: development of mercury 
free technologies, reducing the cost of 
LED production to enable large-scale 
market penetration 

Table 12: Actions identified to reduce the amount of mercury at source  

 

5.2.1 Improved FL quality  

Lower mercury content and greater lifespan can be seen as the most essential and among the most efficient and 

effective solutions for risk mitigation in SSA. This is also a long-term solution as the gains are not reversible. 

► Market penetration can be partly achieved by setting high standards in the Terms of Reference when purchasing 

stocks of CFLs in distribution programs. This has the added advantage of not requiring far-reaching 

improvements in governance or regulation. 

► However, national markets are much more difficult to penetrate. Black and gray markets are havens for the 

distribution of low quality lamps, and even legitimate retailers may not have the necessary resources or the 

market for sales of what may be perceived as a high-end product. Inspections of imported lamps and/or retailers 

would be required, for both registration and quality, which might be difficult in countries with weak governance 

and limited resources. 

                                                                        
79

 For example, see law LD973 in Maine, USA that will concern lamps sent from 2012 on, even though the standards have not yet been set (text available at 

http://www.mainelegislature.org/legis/bills/bills_124th/chapters/PUBLIC272.asp ) 

http://www.mainelegislature.org/legis/bills/bills_124th/chapters/PUBLIC272.asp
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► The products are readily available, as the quality of CFLs and FTs has dramatically improved over the years. 

► The products are not as expensive as they used to be and have become relatively cheap, as production costs 

have significantly decreased over the years
80

. 

► But the main barrier is the up-front payment by consumers, which can be a huge constraint for SSA households 

who live on very small incomes. 

5.2.2 Preparing a switch to mercury free bulbs 

CFLs have proved to be a strong driver in reducing GHG emissions and electricity bills and improving electricity 

management in SSA; these are 3 fundamental societal challenges that are directly linked to sustainable 

development in SSA. Therefore, a switch to mercury free bulbs precludes a return to ILs, which would be a huge step 

backward, and would actually lead to higher mercury emissions from coal-fired power plants due to the additional 

demand for energy. 

LED technology is a real competitor for CFLs81. They are more robust, have an increased life expectancy and a better 

energy conversion rate, do not use mercury and are easier to transport. A Société Générale Cross Asset Research 

report for Philips82 estimates that, in 2020, LED will account for 40% to 50% of the lighting market (cf. graph 

below). This would limit CFL development and, at the same time, the volumes of CFL waste to be treated or recycled. 

The following graphs (also from the Société Générale study) provide further elements on LED technology. 

 

 

                                                                        
80

 Some lamp technical specifications, in particular the amount of mercury per lamp and sometime the lifetime, are rarely displayed on retail web sites. 

Therefore it was not possible to compare the costs of “low-mercury” CFLs (name used apparently for CFLs with less than 2 mg, e.g. Earthmate lamps, Philips 

Alto lamps) with other CFLs. Initiatives exist for reducing the amount of mercury in CFLs without any mention of an increase in lamp prices. See 

http://www.msnbc.msn.com/id/17831334/ regarding a Walmart initiative in the USA, or http://www.nema.org/gov/env_conscious_design/lamps/cfl-

mercury.cfm regarding a NEMA initiative, in the USA also. Earthmate 13w Spiral CFL Bulb E1352AK : 13 W; 63.5 lm/W; 1 mg Hg; 10,000 h lifespan; price: 3.5 

US$ (see retail site http://www.conservationmart.com/p-143-earthmate-13w-spiral-cfl-bulb-e1352ak.aspx). Prices for CFLs in the same wattage range to 

confirm the average price of this lamp were found on the retail site http://www.1000bulbs.com/search/?q=compact-

fluorescents&f=Wattage:10..19&attrFilter=Compact+Fluorescents+%28CFLs%29 
81

 The EPA website describes LEDs as a “mercury-free, energy-efficient alternative to mercury-containing light bulbs” 

http://www.epa.gov/osw/hazard/wastetypes/universal/lamps/faqs.htm 
82

 Philips, Time to turn off TV, Société Générale Cross Asset Research, 2008 

http://www.msnbc.msn.com/id/17831334/
http://www.nema.org/gov/env_conscious_design/lamps/cfl-mercury.cfm
http://www.nema.org/gov/env_conscious_design/lamps/cfl-mercury.cfm
http://www.conservationmart.com/p-143-earthmate-13w-spiral-cfl-bulb-e1352ak.aspx
http://www.1000bulbs.com/search/?q=compact-fluorescents&f=Wattage:10..19&attrFilter=Compact+Fluorescents+(CFLs)
http://www.1000bulbs.com/search/?q=compact-fluorescents&f=Wattage:10..19&attrFilter=Compact+Fluorescents+(CFLs)
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Figure 19 (Source: Société Générale): LEDS - a technological breakthrough in the field of lighting 

LED and other emerging energy-efficient technologies may replace FLs in the short to medium term. Market 

penetration of LEDs is improving in developed countries, but the technology is not yet commercial and currently 

accounts for a very small share of the lighting market. The business case for large-scale deployment of LEDs in SSA 

at this time is not yet persuasive, mainly because prices are still high. Besides, it seems unrealistic to expect the 

technology to achieve sufficient market penetration to produce a market shift within the next 10 years. Rather, 

decision-makers should keep an eye on LED technology development and anticipate as far as possible when the 

technology will be mature enough for a market switch. 

5.3 Addit ional best pract ices 
Some best practices can be effective in mitigating the risks arising from MCL waste management. Here is a tentative 

list. 

► The focus should not be solely on MCLs, but on improving overall waste management (hazardous or otherwise). 

MCLs represent a relatively low risk compared to other types of waste (used oils, used batteries, medical wastes, 

etc.). Moreover, improving waste management will inevitably facilitate MCL waste management. 

► Information campaigns are an important step towards mitigating MCL-related health risks as well as a 

prerequisite to promote CFL market penetration. Such campaigns should target the public, but also workers 

(including waste scavengers) and maybe even decision makers, i.e. on possible actions at individual or collective 

level. Ideally, such campaigns would take place as part of general waste management awareness raising 

campaigns, through the media and whenever possible by mobilizing opinion leaders (community organizers, 

imams, priests…etc.). 

► To assist decision makers in defining the most appropriate actions and policies, monitoring is essential so as to 

provide reliable up-to-date data. Data that should be monitored include the lighting market (import/export, 

national production, lamp types and their technical specifications, and in the case of MCL, the mercury content), 

mercury levels (in the environment and in the bodies of people living or working on or next to landfills), quantities 

of wastes collected and their final destination, etc.  

► Reinforcing mercury regulations overall (not just on MCLs), and also regulations on other hazardous materials, 

may create a better context for an environmentally virtuous economy. 



 

 

6 Feasibility in SSA countries 

6.1 MCL waste – a drop in the ocean? 

The environmental issues of MCL waste in SSA are common to the broader waste sector: 

weak regulations, infrastructure and planning 

As seen above, the main risks associated with MCL waste management can be mitigated by simple measures, which 

are best practices in term of environmental regulations. Issues related to the waste management of MCLs are not 

isolated, and actually add to general waste management issues in SSA that include all other types of waste, such as 

domestic waste, other Electronic and Electric Equipment Waste (WEEE), and other hazardous waste. The general 

difficulties encountered by policy-makers in SSA are not due to a disregard of these issues. Decision makers are 

actually fairly aware of the health and environmental issues related to waste, and environmental agencies (or their 

equivalent) are well aware of best practices in developed and middle-income countries. 

Waste difficulties in SSA countries are systemic and combine within a complex web of technical, financial, 

institutional and cultural issues. The overall context of limited access to funding in SSA leads to a lack of 

investment. Authorities also have technical capacity issues at both the government and the operator levels. Current 

practices in the waste management sector therefore focus on immediate problems with little to no longer-term 

planning. In such a situation, it is difficult for local or central governments to raise taxes for waste management as 

the population does not see much activity in the field. Furthermore, infrastructure is usually insufficiently 

developed, in particular in the transport and electricity sectors, creating an additional barrier to implementing a 

sustainable waste collection system and proper operation of facilities. In addition, the regulatory framework is 

usually weak or not enforced. Thus, unregulated collection leads to increased roadside dumping and/or 

spontaneous uncontrolled landfills, as mentioned by Nigerian interviewees. 

A pilot test in Dakar in 2009 for separate collection of cells and batteries reflects these systemic difficulties. A 

container for these wastes was placed at the entrance of a school. It was quickly filled up… and then never collected 

because there was no solution for treating these cells and batteries. This experience shows that it is not relevant or 

sustainable to consider only one part of the problem. But at the same time, decision makers usually find it very 

difficult to address all aspects of the problem at once. 

In this context, MCL waste management may not be a priority in SSA considering the higher 

risks associated with waste 

The African continent is experiencing rapid urbanization combined with development growth that is adding to the 

strain on its inadequate infrastructure, with adverse effects on an already poor Solid Waste Management system. 

This crisis situation in waste management is faced with challenging issues. First, inadequate waste collection is 

associated with urban air, water and soil pollution and consequently with serious health issues. Secondly, it also 

contributes to flooding due to random waste dumping that blocks drainage networks. Finally, solid waste treatment 

has mainly been organized in an uncontrolled manner at dumpsites without environmental considerations, leading 

to ground water contamination and other pollution affecting adjacent human settlements. For example, open-air 

burning on landfills creates dense clouds of smoke from burning plastics that cover the landfill and the vicinity. In 

SSA, many uncontrolled landfills are located within inhabited areas, sometimes in city centers, next to schools or on 

riverbanks, where people and livestock are highly exposed. This is mainly due to the lack of urban planning leading 

to uncontrolled settlements in the context of rapid urbanization. In many countries, recent improvements are being 

observed with the construction of engineered landfills in major cities or alternative treatment facilities (such as 

composting). But the way forward to address the challenge of Solid Waste Management in SSA as a whole is still 

long and will require considerable effort, capacities and resources.  

The management of some types of Hazardous Waste is also a challenge for SSA countries that are experiencing 

major environmental disasters, for example with pesticides or lead-containing batteries. The African Institute for 

Urban Planning (Institut Africain de Gestion Urbaine), based in Dakar, carried out tests on blood samples in the 
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vicinity of the Mbeubeuss uncontrolled landfill in Senegal. These showed high levels of heavy metals in the blood. 

The Institut de Santé et de Développement (ISD) also analyzed cattle urine on the same site, revealing significant 

amounts of mercury in 26% of the cattle. But the biggest concern is that people in Mbeubeuss are dying from lead 

poisoning due to contamination from handling batteries, which involves many women. Cadmium, which is also 

scavenged, also has major environmental impacts. Another major issue is the uncontrolled disposal of toxic waste 

by foreign companies, which is possible in some SSA countries where procedures are not restrictive and cheap. One 

famous case is the Probo Koala affair, when more than 500 tons of highly toxic waste (from oil and chemicals) were 

dumped in different sites in and around Abidjan in August 2006, causing the deaths of 17 people and injuring 

30,000 Ivorians. 

Central and local governments rarely have the resources to address all waste-related issues. For this reason, 

specific waste treatment schemes are always taken into consideration but rarely implemented. Moving the DSW 

agenda forward, which is a major priority, will also help to address the issue of MCL waste management. 

It is also important to note that the MCL market in SSA accounts for only a small share of the overall mercury from 

other sources. For example, it is reported that artisanal gold mining in SSA uses 86 tons of mercury per year, or 50 

times more than what the MCL market could be in 2020. South Africa’s coal-fired power plants are estimated to 

release about 10 tons of mercury per year, or 30 times the projected MCL market in 2020 in South Africa. 

6.2 Some simple but highly effect ive measures 

Simple measures can be very effective in mitigating risks 

Fluorescent lamp recycling is the most effective solution to reduce the impact of MCL waste, but requires high 

collection rates and high technical capacities to mitigate the associated risks. Furthermore, it is by no means a 

profitable business, as the sale of by-products (glass, mercury, aluminium, etc.) does not generate enough income 

to cover the costs of investment and O&M, as well as collection and promotion, so that other sources of funding are 

required. In developed countries where recycling is broadly implemented, the cost of recycling is often borne by 

users – either directly in a transparent manner, or indirectly by charging the cost to the manufacturer or distributor – 

which may not be realistic in SSA. For this reason, it is easier to target businesses, because regulations can be more 

easily enforced, and because businesses are usually able to pay for the service. It also makes sense, as the volume 

of mercury is likely to be higher in FTs used by businesses compared to CFLs used in the residential sector. But that 

being said, national markets in most SSA countries (projection for 2020) are not large enough to match the 

capacities of recycling equipment available in the market, which is likely to result in much higher costs. 

Other technical solutions, which have advantages beyond MCL waste management, can also have a considerable 

impact on mitigating the risks arising from MCL waste. These mostly involve reinforcing and enforcing national 

environmental or waste regulations, without additional costs for MCL waste. The main measures are described 

below. 

One effective urban planning measure is to build the treatment plant, whatever the technology used, at a distance 

from households and water bodies, as well as from crops, cattle, etc, to allow the mercury to be diluted in the 

atmosphere by wind. For incinerators, further action is possible as the higher the chimney, the lower the 

concentration will be near ground level. The distance between a source of pollution and potential targets is usually 

strictly regulated in most countries. In France, the promoter of a project is required to prove that risks are properly 

mitigated relatively to strict national standards before the project can be commissioned. Specifically, for landfills, 

the promoter has to set up a 200-meter perimeter around the landfill where other activities are not allowed, and 

produce a detailed independent study on the dispersion of odors and/or toxic particles. This should also take into 

account waste scavengers who may build their own settlements on these landfills, usually those located outside the 

main cities. Any such project should also go through a public consultation process, where the question of proximity 

to any human habitat can be raised. 

Knowledge of the geological characteristics of the treatment facility site and its interaction with water-bodies is 

essential to prevent water pollution, which is a factor of contamination of the food chain. 

Another good practice for any activity conducted in a closed building, such as a warehouse where EoL MCLs are 

stored, is to install an air control system and to implement a security protocol in case of lamp breakage inside the 
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building. An air control system and security procedures are in any case important for any infrastructure dealing with 

waste, whether domestic or hazardous. 

Scavenging should be organized to improve working conditions, which can be facilitated by the creation of 

economic interest groups (Groupements d’Intérêt Economique - GIE), as is sometimes done in SSA countries. An 

interesting initiative is being planned in Dakar, where a controlled landfill project (with no authorized access for 

scavengers) is combined with another project for a preliminary sorting platform. Waste will be off-loaded at the 

facility after collection in the city. Waste scavengers then recover the waste they consider valuable, before the rest is 

transferred to the landfill. This initiative, which is quite similar in its principle to a European sorting plant, should 

help to mitigate the risks arising from both mercury and other wastes, as well as catering for better organization of 

waste scavenging and potential medical surveillance of the workers. It also shows that it is possible to develop real 

effective waste management schemes that use the experience of developed countries and adapt it to local society. 

This might be a good recipe for addressing the systemic difficulties faced by SSA countries in waste management 

and to achieve more sustainable development of this sector of the economy. 

The population’s awareness is essential to risk mitigation  

Users are the first link in the MCL waste management chain, and for this reason, their involvement is essential. 

Communication is therefore an important aspect of MCL waste management in particular and solid waste 

management in general. The population’s ability to understand environmental and health issues should not be 

underestimated. Some experiences have shown that the population is sensitive to these issues and able to adopt 

environment-friendly behavior.  

Awareness-raising is important in particular to warn the population about the hazards related to MCL (and other 

hazardous waste) and to help people accept measures such as constraints on settlements around landfills (as they 

may be tempted by the electricity and water supplies or road access provided for the landfill) or new ways of 

organizing scavenging work. 

The population should also be informed on the mercury content of the CFLs promoted by national governments or 

electricity utilities. The risks of mercury exposure to pregnant women and children are particularly severe. They 

should also be informed on simple ways of reducing intoxication in case a lamp breaks in the home. For example, 

US EPA published a list of simple recommendations to limit indoor mercury emissions. 

Specific and sufficient funding must be allocated to information or awareness-raising campaigns. The 

communication media used have a significant influence on the success of these campaigns and should be adapted 

to the population. For example, while radio spots are usually very effective, given that this is the most common 

entertainment media in SSA countries, community leaders may be needed to convince people who may reject 

information that contradicts their beliefs (traditional or religious in particular). 

6.3 Country-by-country assessment 
As an example, the solutions presented above were discussed in 5 countries representing a variety of market sizes, 

urbanization rates, etc. 

Country  Engineered landfill  Incineration Mercury powder 

extraction 

Recycling 

Nigeria  Relevant: As an 

improvement on current 

practices  

Not relevant: critical 

governance and O&M 

issues 

Not relevant: governance 

issues for hazardous 

waste landfills 

Relevant: Market size 

suitable. Consortium and 

stakeholder contributions 

required.  

Senegal  Relevant: As an 

improvement on current 

practices 

Not recommended: 

Regulation is weak; 

O&M issues 

Not relevant: Market size 

not suitable 

Not relevant: Market size 

not suitable 
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Mali  Relevant: As an 

improvement on current 

practices; density issue 

Not recommended: 

Regulation is weak; 

O&M issues 

Not relevant: Market size 

not suitable 

Not relevant: Market size 

not suitable 

Ethiopia  Emerging: As an 

improvement on current 

practices 

Not recommended: 

Regulation is weak; 

O&M issues 

Not relevant: Engineered 

landfills are just 

appearing, hazardous 

waste landfills will take 

time 

Partly relevant: Market 

size is suitable, but 

organization and 

regulation might not be 

strong enough 

South 
Africa  

Already exists Partly relevant: existing 

engineered landfills 

already provide 

mitigation; regulation 

seems strong but 0&M 

might be an issue  

Relevant: Market size, 

regulation and 

organization are OK. Prior 

hazardous waste landfill 

required. 

Relevant: Market size, 

regulation and 

organization are OK. 
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Annex A Market project ion: table of data 

 

a b c Low High Low High Low High Low High Low High Low High Low High Low High Low High Low High

Angola 18 6,2 3 - 0,2 0,4 8% 14% 1 3 4,5 4,5 0,2 1,2 0,1 0,3 3 6 6 9 3,0 5,7 2,2 13,5 0,2 2,3

Benin 9 4,9 2 0,3 0,1 0,2 8% 17% 1 3 4,5 4,5 0,1 0,9 0,0 0,2 3 6 6 9 1,6 2,7 0,7 4,9 0,1 0,8

Botswana 2 5,1 0,4 - 0,2 0,1 24% 42% 1 3 4,5 4,5 0,1 0,5 0,0 0,1 3 6 6 9 1,8 2,4 0,5 2,2 0,1 0,4

Burkina Faso 15 6,4 2 0,3 0,3 0,3 11% 12% 1 3 4,5 4,5 0,3 0,9 0,1 0,2 3 6 6 9 1,4 2,8 1,0 4,7 0,1 0,8

Burundi 8 4,9 2 - 0,0 0,1 2% 5% 1 3 4,5 4,5 0,0 0,3 0,0 0,1 3 6 6 9 1,6 5,5 0,2 2,9 0,0 0,5

Cameroon 19 2,9 6 0,5 0,6 0,8 8% 12% 1 3 4,5 4,5 0,5 2,3 0,1 0,5 3 6 6 9 1,6 3,2 2,5 14,8 0,3 2,5

Cape Verde 0,5 4,9 0,1 0,1 - - 73% 73% 1 3 4,5 4,5 0,1 0,2 0,0 0,0 3 6 6 9 2,0 2,3 0,4 1,0 0,0 0,2

Central African Rep. 4 5,1 1 - - 0,0 5% 5% 1 3 4,5 4,5 0,0 0,1 0,0 0,0 3 6 6 9 1,4 4,4 0,2 1,2 0,0 0,2

Chad 11 5,4 2 0,0 0,0 0,1 1% 3% 1 3 4,5 4,5 0,0 0,2 0,0 0,0 3 6 6 9 1,5 7,1 0,1 2,7 0,0 0,4

Comoros 1 5,1 0,1 - - - 15% 23% 1 3 4,5 4,5 0,0 0,1 0,0 0,0 3 6 6 9 1,6 2,5 0,1 0,5 0,0 0,1

Congo, Dem. Rep. 64 5,3 12 0,4 0,4 0,9 3% 7% 1 3 4,5 4,5 0,4 2,6 0,1 0,6 3 6 6 9 1,6 4,4 1,8 22,8 0,2 3,8

Congo, Rep. 4 5,1 1 0,1 - - 17% 17% 1 3 4,5 4,5 0,1 0,4 0,0 0,1 3 6 6 9 1,8 3,0 0,7 2,2 0,1 0,4

Cote d'Ivoire 20 5,3 4 0,9 0,3 1,4 7% 35% 1 3 4,5 4,5 0,3 4,1 0,1 0,9 3 6 6 9 1,3 1,8 1,1 14,3 0,1 2,4

Equatorial Guinea 1 5,1 0,1 - - - 15% 23% 1 3 4,5 4,5 0,0 0,1 0,0 0,0 3 6 6 9 1,8 2,8 0,1 0,6 0,0 0,1

Eritrea 5 5,1 1 - 0,1 0,2 12% 19% 1 3 4,5 4,5 0,1 0,5 0,0 0,1 3 6 6 9 1,6 2,7 0,6 2,9 0,1 0,5

Ethiopia 81 4,9 16 0,9 1,1 0,8 5% 7% 1 3 4,5 4,5 0,8 3,3 0,2 0,7 3 6 6 9 1,8 4,9 4,2 32,5 0,5 5,4

Gabon 1 4,6 0,3 0,3 - - 84% 84% 1 3 4,5 4,5 0,3 0,8 0,1 0,2 3 6 6 9 1,4 1,6 1,1 2,5 0,1 0,4

Gambia, The 2 5,1 0,3 - 0,0 0,0 3% 14% 1 3 4,5 4,5 0,0 0,1 0,0 0,0 3 6 6 9 1,5 2,8 0,0 0,8 0,0 0,1

Ghana 23 4,3 5 1,2 1,6 2,8 22% 52% 1 3 4,5 4,5 1,2 8,4 0,3 1,9 3 6 6 9 1,8 2,3 6,7 38,2 0,7 6,4

Guinea 10 5,1 2 - 0,2 0,1 4% 8% 1 3 4,5 4,5 0,1 0,5 0,0 0,1 3 6 6 9 1,6 3,9 0,3 3,7 0,0 0,6

Guinea Bissau 2 7,6 0,2 - 0,0 0,0 10% 14% 1 3 4,5 4,5 0,0 0,1 0,0 0,0 3 6 6 9 1,2 2,2 0,1 0,4 0,0 0,1

Kenya 38 4,6 8 0,7 0,8 0,7 8% 10% 1 3 4,5 4,5 0,7 2,4 0,1 0,5 3 6 6 9 1,8 4,0 3,5 19,1 0,4 3,2

Lesotho 2 4,8 0,4 0,0 0,0 0,0 5% 11% 1 3 4,5 4,5 0,0 0,1 0,0 0,0 3 6 6 9 1,8 3,8 0,1 1,0 0,0 0,2

Total SSA 817 - 168 17 23 37 - - - - - - 19 120 4,2 27 - - - - - - 99 631 11 105

Average per country 17 5,2 3,5 0,7 0,6 1,0 15% 23% 1 3 4,5 4,5 0,44 2,8 0,1 0,6 3 6 6 9 1,7 3,2 2,1 13 0,2 2,2

Standard deviation 26 1,0 5,6 1,1 1,4 2,4 18% 20% 0 0 0 0 0,9 6,6 0,2 1,5 0 0 0 0 0,30 1,2 4,6 32 0,5 5,3

Sources W A C A S S C C H H H H C C C C H H H H A* A* C C C C

CFLs in use (2020)

LS

(2009)

CFL

(2009)

WF

(2009)

Demographics Electricity market CFLs in use (2009) Current Market

EG
CFL

(2020)

WF

(2020)

P: Population (million) - C/HH: Capita per Household - HH: Households (million) - EC: Electricity consumers (million) - a: AICD data - b,c: WB survey of utilities and households - ER: Electrification 

rate - CFL/HH: CFLs per household - CFL: Number of CFLs in use (million) - LS: Lifespan (years) - WF: Waste Flow (million EoL CFLs per year) - EG: Electricity Growth (2009 - 2020)

Sources: W: WDI - A: AICD - A*: retreated data based on AICD 2006-2015 growth projection - S: WB Survey - C: Calculated - H: Hypothesis based on interviews with stakeholders

In case of unavailable data, averages were used

Country
CFL/HH

(2020)

LS

(2020)

Projected market

P C/HH HH
EC ER

CFL/HH

(2009)
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a b c Low High Low High Low High Low High Low High Low High Low High Low High Low High Low High

Liberia 4 5,1 0,7 - 0,1 - 10% 10% 1 3 4,5 4,5 0,1 0,2 0,0 0,1 3 6 6 9 1,7 3,6 0,4 1,6 0,0 0,3

Madagascar 19 4,7 4,0 0,4 0,4 0,3 9% 10% 1 3 4,5 4,5 0,3 1,2 0,1 0,3 3 6 6 9 1,5 3,2 1,5 7,7 0,2 1,3

Malawi 14 4,5 3,1 0,2 0,2 0,2 5% 6% 1 3 4,5 4,5 0,2 0,5 0,0 0,1 3 6 6 9 1,5 4,8 0,7 5,1 0,1 0,8

Mali 13 5,1 2,5 0,2 0,1 0,2 5% 9% 1 3 4,5 4,5 0,1 0,6 0,0 0,1 3 6 6 9 1,7 4,1 0,7 5,2 0,1 0,9

Mauritania 3 6,5 0,5 - - 0,3 69% 69% 1 3 4,5 4,5 0,3 1,0 0,1 0,2 3 6 6 9 2,5 3,0 2,6 6,1 0,3 1,0

Mauritius 1 5,1 0,2 - - - 15% 23% 1 3 4,5 4,5 0,0 0,2 0,0 0,0 3 6 6 9 1,6 2,4 0,1 1,0 0,0 0,2

Mozambique 22 4,8 5 0,3 0,4 0,3 7% 9% 1 3 4,5 4,5 0,3 1,2 0,1 0,3 3 6 6 9 1,5 3,4 1,4 8,5 0,2 1,4

Namibia 2 5,1 0,4 0,0 0,1 0,2 8% 40% 1 3 4,5 4,5 0,0 0,5 0,0 0,1 3 6 6 9 1,9 2,4 0,2 2,4 0,0 0,4

Niger 14 6,4 2 0,0 0,1 0,2 2% 10% 1 3 4,5 4,5 0,0 0,7 0,0 0,2 3 6 6 9 1,3 2,9 0,1 4,0 0,0 0,7

Nigeria 152 4,7 32 4,2 4,0 13,2 12% 41% 1 3 4,5 4,5 4,0 39,5 0,9 8,8 3 6 6 9 1,9 2,5 23,3 199,0 2,6 33,2

Rwanda 10 5,0 2 0,1 0,1 0,1 4% 5% 1 3 4,5 4,5 0,1 0,3 0,0 0,1 3 6 6 9 1,7 5,9 0,4 3,5 0,0 0,6

São Tome e Principe 0,2 4,6 0,0 - 0,0 - 20% 20% 1 3 4,5 4,5 0,0 0,0 0,0 0,0 3 6 6 9 1,6 2,6 0,0 0,1 0,0 0,0

Senegal 12 9,8 1 0,6 0,6 0,7 48% 59% 1 3 4,5 4,5 0,6 2,2 0,1 0,5 3 6 6 9 1,7 2,0 3,0 8,9 0,3 1,5

Seychelles 0,1 5,1 0,0 - - - 15% 23% 1 3 4,5 4,5 0,0 0,0 0,0 0,0 3 6 6 9 1,6 2,5 0,0 0,1 0,0 0,0

Sierra Leone 6 6,2 1 - 0,0 0,1 4% 7% 1 3 4,5 4,5 0,0 0,2 0,0 0,0 3 6 6 9 1,3 3,4 0,1 1,3 0,0 0,2

Somalia 9 5,1 2 - - - 15% 23% 1 3 4,5 4,5 0,2 1,4 0,0 0,3 3 6 6 9 1,6 2,5 1,1 6,8 0,1 1,1

South Africa 48 3,8 13 4,5 7,9 7,1 35% 62% 1 3 4,5 4,5 4,5 23,8 1,0 5,3 3 6 6 9 1,7 2,0 22,5 95,1 2,5 15,8

Sudan 42 5,1 8 - 0,8 2,4 10% 30% 1 3 4,5 4,5 0,8 7,3 0,2 1,6 3 6 6 9 1,8 2,5 4,2 35,8 0,5 6,0

Swaziland 1 5,1 0,2 - 0,0 0,1 22% 23% 1 3 4,5 4,5 0,0 0,2 0,0 0,0 3 6 6 9 1,6 2,5 0,2 0,8 0,0 0,1

Tanzania 42 4,8 9 0,6 0,7 0,9 7% 10% 1 3 4,5 4,5 0,6 2,7 0,1 0,6 3 6 6 9 1,6 3,4 2,8 18,5 0,3 3,1

Togo 6 5,1 1 0,2 0,1 0,1 8% 17% 1 3 4,5 4,5 0,1 0,6 0,0 0,1 3 6 6 9 1,3 2,2 0,4 2,8 0,0 0,5

Uganda 32 5,1 6 0,3 0,3 0,2 3% 5% 1 3 4,5 4,5 0,2 0,9 0,0 0,2 3 6 6 9 1,5 5,4 1,0 9,6 0,1 1,6

Zambia 13 5,4 2 - 0,3 0,3 13% 13% 1 3 4,5 4,5 0,3 0,9 0,1 0,2 3 6 6 9 1,5 3,0 1,4 5,3 0,2 0,9

Zimbabwe 13 5,1 2 - 0,6 1,1 23% 47% 1 3 4,5 4,5 0,6 3,4 0,1 0,8 3 6 6 9 1,5 1,9 2,5 12,8 0,3 2,1

Total SSA 817 - 168 17 23 37 - - - - - - 19 120 4,2 27 - - - - - - 99 631 11 105

Average per country 17 5,2 3,5 0,7 0,6 1,0 15% 23% 1 3 4,5 4,5 0,44 2,8 0,1 0,6 3 6 6 9 1,7 3,2 2,1 13 0,2 2,2

Standard deviation 26 1,0 5,6 1,1 1,4 2,4 18% 20% 0 0 0 0 0,9 6,6 0,2 1,5 0 0 0 0 0,30 1,2 4,6 32 0,5 5,3

Sources W A C A S S C C H H H H C C C C H H H H A* A* C C C C

CFLs in use (2020)

LS

(2009)

CFL

(2009)

WF

(2009)

Demographics Electricity market CFLs in use (2009) Current Market

EG
CFL

(2020)

WF

(2020)

P: Population (million) - C/HH: Capita per Household - HH: Households (million) - EC: Electricity consumers (million) - a: AICD data - b,c: WB survey of utilities and households - ER: Electrification 

rate - CFL/HH: CFLs per household - CFL: Number of CFLs in use (million) - LS: Lifespan (years) - WF: Waste Flow (million EoL CFLs per year) - EG: Electricity Growth (2009 - 2020)

Sources: W: WDI - A: AICD - A*: retreated data based on AICD 2006-2015 growth projection - S: WB Survey - C: Calculated - H: Hypothesis based on interviews with stakeholders

In case of unavailable data, averages were used

Country
CFL/HH

(2020)

LS

(2020)

Projected market

P C/HH HH
EC ER

CFL/HH

(2009)
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Annex B Benchmark 
In developed countries, MCLs were introduced more than two decades ago, and more recently in some developing 

countries. These experiences can give a good idea of the mercury pollution challenge faced by those nations, provide 

references on how the end-of-life lamps are managed across the world, and help identify and understand solutions 

that could be proposed for use in Sub-Saharan African countries. Current practices in some countries, referred to 

here as “benchmarks”, are therefore further explored here. 

The benchmark countries have been selected to capture the known best practices and to represent, different 

geographical locations in both the developed and developing worlds, and different approaches. Those countries are: 

► developed countries: the European Union, Austria, France, Germany, Sweden, Switzerland, and the United States, 

► developing countries: Brazil, China, India, and Philippines. 

Those CFL initiatives are viewed against different economic and geographical factors. For each benchmark country, 

information on the FL market, the regulatory framework, and the actual operational scheme in place was collected. 

B.1 Main findings 

MCL market 

While current-year MCL figures was not always available for every country, the plethora of existing information on 

MCL prevalence goes to show that the MCL market is growing fast in every part of the world.  

MCLs are mostly imported from China, which accounts for 75% of production worldwide. This is now raising quality 

control problems, as testing is sometimes poorly performed or nonexistent.   

Poorer countries are reported to have a higher number of poor or very poor-quality lamps. 

Information on waste flow is difficult to collect, reflecting a lack of monitoring. Instead, estimations were based on 

hypothetical lamp life-spans (linked to data found on the average lamp quality in a given country).  The average life-

span of a European MCL is 6 years, and this figure was used to calculate waste flows for all the European Union 

countries. 

CFL distribution programs or price reduction programs are common in developing and western countries, and are 

usually run by local government (City of Los Angeles, U.S.A., India, Philippines). 

To boost and speed up the energy-efficient lighting market, many countries have introduced regulations to phase out 

incandescent lamps. 

Regulation 

A wide range of regulatory provisions on MCLs can be found. Those are presented below, from the weakest to the 

strongest: 

a. No country-wide regulation on lamp EoL and non-classification of lamps as a specific type of waste 
(India and P.R. China) 

b. Country-wide legislation specifying recommendations for lamp EoL, but not stringent, and no 
enforcement by the national government; local governments allowed to develop their own sub-
national regulations (e.g. U.S.A.) 

c. Strongest legislation: 

o Country-wide legislation requiring proper EoL treatment and collection, and classification of lamps 
as a specific type of waste (Philippines, France, Austria, Germany, Sweden, Switzerland) 

o Supranational legislation imposing proper EoL treatment and collection with a proposed 
implementation timeline, and classification of lamps as a specific type of waste (E.U.) 

 

When a regulation is in place, it usually places MCLs in one specific category of hazardous or electronic waste. 



Annexes 

Study of Mercury-containing lamp waste management in Sub-Saharan Africa | 73 

Financing 

Information on financing for implementing regulations was only available for the E.U. and its members, where 

manufacturers are responsible for covering collection, recycling, and proper disposal costs as part of the Extended 

Producer Responsibility (EPR) scheme. EPR uses financial incentives to encourage manufacturers to design 

environmental-friendly products. This scheme has only been implemented for a dozen of waste categories. The 

producer may also choose to delegate this responsibility to a third party, a so-called producer responsibility 

organization (PRO), which is paid by the producer for spent-product management. In this way, EPR shifts 

responsibility for waste from government to private industry. As manufacturers ultimately reflect the additional cost 

in the price of their products, France has established an eco-tax that is clearly indicated on the price tag and shows 

buyers what their participation in the process is. 

In the US, there is no specific regulated financial mechanism to fund the waste lamp market. Instead, free market 

principles apply, where consumers are assumed to bear the costs of waste lamp collection and treatment. 

Operational Practices 

Several countries reported practices involving joint participation by professionals (manufacturers in particular) and 

individuals who bring their lamps to collection centers (E.U. countries, U.S.A.) 

Several countries reported practices where an eco-organization or local government unit carries out pick-up and 

removal (Austria, France, Germany, Philippines, Sweden, Switzerland). 

Treatment practices include recycling (with or without recycling of mercury), incineration, crushing and landfills, 

although recycling in optimal circumstances only accounts for roughly one-third of treatment (European Union 

countries).  Precise percentage breakdowns for other countries were not identified. 

Incineration and sub-standard practices such as non-secured landfills are still prevalent forms of EoL treatment 

throughout the developed and developing world. 

Several countries reported the prevalence of treatment or recycling plants specifically for lamps (France, Austria, P.R. 

China, Germany, Sweden, Philippines, and U.S.A).  
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B.2 Results  

 

 

AUSTRIA 

Pop: 8,376,761 Urbanization: N/A Density : 99.5 hab/km² 

GDP: 45,181 US$ per capita WDI Environmental Rating: N/A 

LIGHTING MARKET DATA 

Existing programs : Incandescent lamps to be phased out under the European EUP Directive 

MCL installed: Estimated 100 M by end of 2010 (32 M CFLs) Waste flow: Estimated 14 M by end of 2010 of which 
4.6 M are CFLs 

REGULATION 

Gas discharge lamps are covered by the Austrian EAG-VO (ordinance on waste electrical and electronic equipment) which is the 
national transposition of the European WEEE Directive (see European Union benchmark). The Austrian EAG-VO defines 5 types 
of WEEE of which gas discharge lamps are one. 

Classification of EoL Lamps: Lamps are considered a specific category of waste, with a specific regulation. 

Who pays: Since August 13th 2005, when the EU WEEE Directive came into force, manufacturers have had to finance the 
collection, as well as the handling, recycling and environmentally-responsible disposal of waste electrical and electronic 
equipment from domestic premises. In Austria, producers can fulfill their obligations by signing up with one of the five 
nationwide accredited companies in charge of both collection and treatment. Producer-driven take-back in Austria includes 
lamps from both private and commercial-end users. 

OPERATION 

Results: Ca. 1,000,000 kg lamps per year (this corresponds to ca. 5.2 M units) recycled in 2008 Non-recycled lamps are 
treated in MSW incinerators. An international benchmark by the German organization Lightcycle shows a collection rate of 62% 
for Austria in 2006. In 2008, it was estimated that tubular lamps accounted for ca. 85% of the total waste flow of gas discharge 
lamps.  

Collection: Austria operates about 2,000 municipal collection points 
where gas discharge lamps are collected. Furthermore, consumers 
are allowed to return End-of-Life lamps to retailers when buying a 
new one. In addition to the municipal collection points, Austria has 
several thousand commercial collection points. As gas discharge 
lamps (especially fluorescent tubes) are currently sold to mostly 
commercial-end users, this source can be considered the most 
relevant for lamp collection. 

Treatment: There is 1 recycling plant in Austria, the 
Tyrolux treatment plant in Asten, where most of the 
lamps collected in Austria are treated. The Tyrolux plant 
has a yearly treatment capacity of 1,000 tons and uses 
the endcut-airpush technology for processing tubular 
lamps. Other lamps (including CFLs) are treated by 
Tyrolux in a mobile plant using a dry shredding process.  

Since 2007, lamps collected by ERA are exported to 
Germany for recycling. These lamps are processed by 
the German company DELA using a wet shredding 
process. 

Estimated operating cost: The market leader in lamp collection (UFH with ~80% market share) charges 0.14 € per lamp. 
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FOCUS 

Actors: In Austria, there are five competing collection and recycling companies registered for e-waste, including lamps; four of 
them collect gas discharge lamp, the other works in waste treatment. These systems are: 

 ERA Elektro Recycling Austria GmbH 

 UFH Elektroaltgeräte System Betreiber GmbH (no lamps, owned by UFH Holding) 

 UFH Altlampen Systembetreiber GmbH (lamps only, owned by UFH Holding) 

 EVA Erfassen und Verwerten von Altstoffen GmbH 

 European Recycling Platform (ERP) Österreich GmbH 

Collection of WEEE by these companies is coordinated by the Elektroaltgeräte Koordinierungsstelle Austria GmbH. National 
leaders in the lamps market (Osram & Philips) have signed up with UFH Altlampen Systembetreiber GmbH, representing 80% 
of the lamp waste management market in Austria.  

 

Other materials recycling: 

Material Weight [t] End-use/treatment Destination 

Glass 866 Lamp glass production European Union 

Glass from special forms 11 Flat glass production Unknown 

End caps (aluminium) 36 Metal treatment Austria 

Fluorescent powder (containing mercury) 20 Underground landfill European Union 

Glass (containing lead) 25 Underground landfill European Union 
 

BIBLIOGRAPHIC SOURCES 

1. 2008 Review of Directive 2002/96 on WEEE 

2. www.umweltbundesamt.at 

3. www.ufh.at 

4. Elektroaltgerätebehandlung in Österreich 2008; report by the Austrian Environmental Protection Agency 
(Umweltbundesamt, 2009) 

5. Obermoser; Rechberger: Technisch-naturwissenschaftliche Grundlagen für den Vergleich von Kompaktleuchtstofflampen 
mit herkömmlichen Glühlampen (TENAKO) 

6. Frost & Sullivan: European Energy Efficient Lighting Market; 2008 

7. www.lightcycle.de 

 

 

 

http://www.umweltbundesamt.at/
http://www.ufh.at/
http://www.lightcycle.de/
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BRAZIL 

Pop: 192 M Urban pop: 86% Density: 23 hab/km² 

GNI: 10,070 US$ per capita WDI Environmental Rating: N/A 

LIGHTING MARKET DATA 

Existing programs : Not identified 

MCL installed: Estimated 8.4 M CFL in 1996 (no 
recent data available) 

Waste flow: Not identified 

REGULATION 

Not identified at the national level, but initiatives at the local level (see the case of Belo Horizonte in Focus) 

Classification of EoL Lamps: N/A 

Who pays: N/A 

OPERATION 

Results: Not identified 

Collection: Not identified Treatment: Not identified 

Estimated operation cost: Not identified 

FOCUS 

Belo Horizonte:  

On 17 January 2005, Belo Horizonte, Brazil’s fourth largest city (pop. 2.2 mil.) and the capital of Minas Gerais state, adopted a 
law on hazardous wastes, including batteries and fluorescent lamps. The law requires sales establishments, as well as the 
technical assistance services authorized by manufacturers and importers, to take back these EOL products from consumers. 
The vendors and assistance services must send the returned EOL products to manufacturers and importers, who are 
responsible for treatment (reuse, recycling, or “environmentally adequate” disposal). 

BIBLIOGRAPHIC SOURCES 

1. WDI Database 

2. www.inmetro.gov.br 

3. International Association for Energy-Efficient Lighting (http://www.iaeel.org/) 

4. http://ewasteguide.info/system/files/Rocha_2009_en.pdf 

5. http://www.iaeel.org/IAEEL/Archive/Right_light_proceedings/Proceedings_body/BOK4/RL42gele.pdf 
 

 

http://www.inmetro.gov.br/
http://www.iaeel.org/
http://ewasteguide.info/system/files/Rocha_2009_en.pdf
http://www.iaeel.org/IAEEL/Archive/Right_light_proceedings/Proceedings_body/BOK4/RL42gele.pdf
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P.R. CHINA 

Pop: 1,330 M Urban pop:  46 % Density: 137,6 hab/km² 

GNI: 3,315 US$ per capita WDI Environmental Rating: N/A 

LIGHTING MARKET DATA 

Production and distribution: The FL production sector is a rapidly growing market segment in China, both for domestic use and 
exports, with more than 1,000 manufacturing plants and production close to 1 billion CFLs annually (3 billion CFLs in 2007), 
which represents about 75 percent of total worldwide production. Some manufacturers have already branched out into CFLs as 
the technology and processes used to manufacture FL and CFL are the same. Europe was the largest market for CFLs until 
2001, but has since been overtaken by China.  

CFL sales in 2003 in China were estimated at 355 million units, representing over 30% of the global sales, and 500 million 
units in 2007. 

Production and domestic use of Compact Fluorescent Lamps 

 

Chinese lighting manufacture is mainly in Guangdong, Fujian, Jiangsu, Zhejiang and Shanghai. Xiamen in Fujian Province is 
one of the major CFL production locations where, for example, MEGAMAN, a German-Chinese brand, and Xiamen Topstar 
Lighting Co. Ltd., a Sino-US joint venture, have their manufacturing base. 

Existing programs: The government’s energy-saving scheme, outlined in the 11th five-year national economic plan, drives 
policies encouraging CFL use, especially in public buildings. 

Joint US-China Collaboration on Clean Energy “Green Lights for All Program”: JUCCCE plans the distribution of 10 million light 
bulbs, for free, to households in Shanghai (the pilot city). Other cities may be included in the hand-out, but at this time, no 
other cities have been included. This campaign was rolled out in 2009,  and information on initial results is not available yet. 
JUCCCE has already completed 2 distribution pilots, giving away a total of 10,000 bulbs, a small but not negligible number. For 
these distribution pilots, JUCCCE partnered with Citi Global Community Day and GE. 

MCL installed: Domestic sales statistics indicate 
that > 3 billion CFLs are currently in use.  

Waste flow: 420 M (tubular) fluorescent lamps per year (2000/2001), 
no data for CFLs, but from domestic sales statistics > 100 M / year are 
expected. 

REGULATION 

Non-existent 

Classification of EoL Lamps: N/A 

Who pays: Not regulated 

The take-back program “China Green Lights for All” is free. This JUCCCE Program uses an innovative financing mechanism: CFL 
bulbs are purchased using proceeds from credits traded under the Kyoto Protocol Clean Development Mechanism (CDM). 
These credits are received in exchange for each ton of carbon dioxide avoided by the program. The Clean Lighting Conversion 
Program is one of China’s first energy efficiency CDM programs. 

OPERATION 

Results: Not identified 
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Collection: Technical Consumer Products, Inc. (TCP), the largest 
CFL manufacturer worldwide, in collaboration with the Joint 
U.S.–China Cooperation on Clean Energy (JUCCCE) "China 
Green Lights for All" program, launched China's first CFL 
recycling program for consumers in 2009.  The program 
provides CFL recycling opportunities to millions of consumers 
free of charge. The program’s goal is to collect more than two 
million CFLs every year. 

Treatment: The process flow includes crushing of waste 
lamps, heating (mercury evaporates for 8 hours and is 
precipitated), vibration, magnetic separation  and 
ultrasonic cleaning of glass. One recycling plant was 
identified, MEGAMAN, not clear whether TCP operates its 
own recycling plant. 

Estimated operating cost: This is an integral part of the production cost. The glass can be recycled economically and is send 
back to the glass supplier.  Lamp sockets are crushed and used as pellets for new sockets with their own extrusion equipment. 
Electronic waste is send back to the supplier. 

FOCUS 

MEGAMAN CFL treatment plant in, Xiamen: Some manufacturers recycle manufacturing rejects internally. One example is 
MEGAMAN, which has invested in a recycling plant to treat its own rejects.  

Figure: CFL Recycling Plant MEGAMAN, Xiamen, and recycled plastics from socket (courtesy of Christoph Seidel, MEGAMAN, 2008) 

  

TCP recycling program: TCP, one of the initiators of the first take back program in China, is a CFL manufacturer. The recycling 
technology is not known, but the anticipated diversity of CFL types collected from consumers may be a particular challenge in 
turning over the recycled material for the production of new CFLs, especially for glass. 
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EUROPEAN UNION 

Pop: 499 M Urban pop: N/A Density: 113 hab/km² 

GNI : N/A WDI Environmental Rating : N/A 

LIGHTING MARKET DATA 

Existing programs: National programs, not at EU level 

Incandescent lamps are to be phased out under the European EUP Directive 

MCL installed: Estimated 2 bn by end of 2010 Waste flow: Estimated 233 M (hypothesis of 8 year lifespan) 

REGULATION 

• EU Directive 2002/96/EC on Waste Electrical and Electronic Equipments (WEEE) sets mandatory targets for WEEE 
collection per category of waste.  

• A recovery rate of 70% and a recycling/reuse rate of 50% (by weight) for lighting equipment, or 80% for discharged 
lamps are applicable by 31 December 2006.  The legislation makes provision for the creation of collection schemes 
where consumers return their used e-waste free of charge.  There is a collection target of 4 kg per person per year.  

• Mercury must be disposed of or recovered in compliance with Article 4 of Council Directive 75/442/EEC. 

Classification of EoL Lamps: Lighting equipment covered by the WEEE Directive is listed in category 5 of Annex IA of the 
directive.   

Who pays: Since 13th August 2005, manufacturers have had to finance collection from collection points, as well as handling, 
recycling and environmentally-responsible disposal of waste electrical and electronic equipment from domestic premises. 

OPERATION 

Results: 33% collected and recycled 66% to landfills and sub-standard treatment. On average 27.9 % of the lamps covered 
(category 5B, ‘lighting equipment and lamps’) are recycled. The figure is not broken down by lamp type – CFLs used in the 
domestic sector are less likely to be recycled than LFLs or HIDs primarily used in non-residential sectors. 

Collection: N/A Treatment: N/A 

Estimated operating cost: N/A 

FOCUS 

N/A 

BIBLIOGRAPHIC SOURCES 

1. WDI Database 
2. 2008 Review of Directive 2002/96 on WEEE 
3. http://europa.eu/rapid/pressReleasesAction.do?reference=MEMO/09/368&format=HTML&aged=0&language=EN&g

uiLanguage=en 

4. http://www.euractiv.com/en/energy-efficiency/eu-switch-traditional-light-bulbs-2012/article-177880 
5.  “CFL Quality and Strategies to Phase-out Incandescent Lamps”, International Energy Agency, February 2007 

 

http://europa.eu/rapid/pressReleasesAction.do?reference=MEMO/09/368&format=HTML&aged=0&language=EN&guiLanguage=en
http://europa.eu/rapid/pressReleasesAction.do?reference=MEMO/09/368&format=HTML&aged=0&language=EN&guiLanguage=en
http://www.euractiv.com/en/energy-efficiency/eu-switch-traditional-light-bulbs-2012/article-177880
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FRANCE 

Pop: 62 M Urban pop: 77% Density: 113 hab/km²  

GNI: 34,400 US$ per capita WDI Environmental Rating: N/A 

LIGHTING MARKET DATA 

Production and distribution: CFLs are common in France. Two-thirds of French households have at least 1 CFL (68.3%).  It is 
also a growing market, as market growth reached 30% between 2007 and 2008.  

Existing programs:  Incandescent lamps will be phased out under the European EUP Directive. Based on the implementation of 
the Grenelle Act, IL should be extinct by the end of 2012. 

MCL installed: Estimated 480 M in 2010 Waste flow: Estimated 80 M  

REGULATION 

• Lamp collection and recycling has been imposed since 2005 by the governmental decree n°2005-829, which is the 
national transposition of the European WEEE Directive (see the European Union benchmark).  

Classification of EoL Lamps: Lamps are considered a specific category of waste, with a specific regulation. 

Who pays: Recycling is financed by an eco-tax of a 20 euro-cents per lamp. The eco-tax is clearly indicated on the price tags. 
Individual customers can bring old lamps to the store when they buy a new one.  

OPERATION 

Results: 36% of CFLs and linear fluorescent lamps collected for recycling 

Recylum was created in May 2005 by several lamp manufacturers to organize the lamp waste management sector in France. It 
is accredited by the government.  

Collection: Businesses and individuals are responsible for 
bringing their used lamps to collection centers, although 
professional customers are allowed to collect lamps 
themselves.  

Treatment: 6 recycling plants  

Estimated operating cost: 0.30 € (0.45US$) per unit 
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FOCUS 

Lumiveroptim is a treatment plant for EoL lamps, batteries, and WEEE that was created in 1999 in Lille.  It has been a partner of 
Récylum since 2006. 

 

The treatment plant and trucks used for transporting lamps adhere to the strictest regulatory standards, and have been ISO 
14001 certified since 2006. Lumiveroptim collects waste, and ensures its traceability through computerized handling of its 
files. 98% of the fluorescent bulbs treated by Lumiveroptim are recycled for other uses. 

 

Figure: Lumiveroptim Recyling Plants, www.lumiver.com 

 

 

BIBLIOGRAPHIC SOURCES 

1. WDI Database 

2. www.recylum.com 

3. www2.ademe.fr 

4. www.lumiver.com 

5. www.syndicat-eclairage.com 

http://www.recylum.com/
http://www.lumiver.com/
http://www.syndicat-eclairage.com/
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GERMANY 

Pop: 81.882.342 Urbanization: N/A Density: 229 hab/km² 

GDP: 35.442 US$ per capita WDI Environmental Rating: N/A 

LIGHTING MARKET DATA 

Existing programs: Incandescent lamps will be phased out under the European EUP Directive 

MCL installed: Estimated 800M Waste flow: Estimated 150M in 2011 

REGULATION 

Gas discharge lamps are covered by the German ElektroG (Electrical and Electronic Equipment Act) which is the national 
transposition of the European WEEE Directive (see the European Union benchmark). The German ElektroG defines 5 types of 
WEEE of which gas discharge lamps are one. 

In Germany, take-back schemes cover lamps from both private and commercial-end users. 

Classification of EoL Lamps: Lamps are considered a specific category of waste, with a specific regulation. 

Who pays: Since August 13, 2005,when the EU WEEE Directive came into force manufacturers have had to finance the 
collection of lamps, as well as handling, recycling and environmentally-responsible disposal of waste electrical and electronic 
equipment from domestic premises.  

OPERATION 

Results: 37% (41.5 M units) recycled in 2006, 63% disposed of together with MSW. But these collection rates are from 
households and small businesses, whereas collection rates from big companies are quite high. 28% of the lamps collected in 
2006 were CFLs, the majority of 66% were tubular lamps. Lightcycle expects the proportion of CFLs in the German EoL waste 
flow to increase to 40% in 2011. 

Source Collection rate 

Large enterprises 90% 

Medium sized enterprises 35% 

Households and small businesses 11% 

Waste market organization: In Germany, lamp producers created the Logistics organization Lightcycle, which is responsible for 
the collection of lamps from municipal collection points. Lightcycle also operates commercial collection points as well as 
voluntary collection points for the residential sector. All lamps collected by Lightcycle are sent to the two recycling schemes, 
LARS (mainly run by Philips) and OLAV (run by Osram). LARS and OLAV have signed contracts with several lamp recycling 
companies in Germany and Belgium to fulfill their recycling obligation.  

Collection: In 2008, municipalities in Germany operated 995 
collection points where residential users can return EoL lamps. 
Lightcycle collected the lamps from these municipal collection 
points. In addition, Lightcycle operated 376 publicly accessible 
collection points and collected lamps from 620 commercial 
users directly. 

Treatment: 7 stationary recycling plants + several mobile 
recycling plants. The mobile plants operate not only in 
Germany but also in the neighboring countries. EoL lamps 
from Germany are partly exported to the Indaver Relight 
plant in Belgium 

Estimated operating cost: 0.20-0.25 € per unit 
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FOCUS 

BIBLIOGRAPHIC SOURCES 

1. www.lightcycle.de 

2. www.zvei.de 

http://www.lightcycle.de/
http://www.zvei.de/
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INDIA 

Pop : 1.1 B Urban pop : 30% Density : 383 hab/km² 

GNI : 2960 US$ per capita WDI Environmental Rating : 3.5 

LIGHTING MARKET DATA 

Production and distribution: 100 million CFL units were sold in 2006, increasing to 165 million units in 2007.  The CFL market 
in India is complex, with 12 major brands and hundreds of small players. About 40 to 50 per cent of the market is dominated by 
the informal sector. The industry depends on large amounts of imports mainly from China, with even branded products using 
large amounts of imported components.  This makes quality control difficult, and as a result, 40% of CFLs in India are poor or 
very poor quality lamps.  The government is aiming to pass legislation to achieve an average lifespan of 6,000 hours. 

Existing programs: The Dakshin Haryana Bijli Vitran Nigam program sells CFLs at half price. In Himachal Pradesh, the state 
government has introduced the Atal Bijli Bachat Yojana to give each household four CFLs free of charge – over 6 million CFLs 
will be distributed under this program. There is also the Bureau of Energy Efficiency’s Bachat Lamp Yojana, which hopes to 
equip 400 million houses with CFLs at the same cost as incandescent bulbs. 

MCL installed: Estimated 495 M CFL (2007) Waste flow: Estimated 165M  

REGULATION 

There is no system for proper disposal of mercury. None of the CFL manufacturers have registered with the CPCB (Central 
Pollution Control Board, a government agency covering pollution and including mercury) for disposal and recycling of mercury 
waste.  Although a formal, organized WEEE recycling industry is emerging an India, it is estimated that 95% of total WEEE 
generated in India are captured by the informal sector. 

Classification of EoL Lamps: Not identified 

Who pays: Not identified 

OPERATION 

Collection: Not identified 

Treatment: Not identified Treatment plants: Not identified  

Estimated operation cost: Not identified 

FOCUS 

1.1.1.1.1.1 Attero recycling 

Attero is a newcomer in the e-waste treatment business, which recently attracted $6.3 million in funding from venture capital 

firms NEA-IndoUS Ventures and Draper Fisher Jurvetson in August 2008. 

Attero recycling has an e-waste treatment facility 200km to the north of New Delhi with a nominal plant capacity of 36 000 tons 

/ year, which will 150 people. 

According to the CEO Mr Nitin Gupta, Attero is the first integrated and automated end-to-end mechanical plant (from collection 

to metal refinery). Attero has developed an in-house technology to treat precious metal (metal refinery), as well as a technology 

to recycle plastics into fuel. The processing plant can treat all types of e-waste including lamps (except fridges). Recycling 

washing machines and TVs would require payment from producers, so Attero is awaiting forthcoming legislation). 
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PHILIPPINES 

Pop: 90 M Urban pop: 65% Density: 303 hab/km² 

GNI: 3,900 US$ per capita WDI Environmental Rating: N/A 

MARKET DATA 

Production and distribution: 25 million CFL units were sold in 2005 . 68% of CFLs are high-quality lamps or well-known 
brands, while 32% are poor or very poor quality lamps. There are no local manufacturers, but in 2006 there were at least 30 
importers/suppliers and more than 50 brands on the market. 

Existing programs:  

• Philippine Efficient Lighting Market Transformation Project (PELMATP) 

• Philippine Energy Efficiency Project (US$ 46.5 million, 2-year project on energy efficiency, 13 million CFLs 
distributed, plant for lamp recovery) 

MCL installed: Estimated 200 M CFLs in 2010  Waste flow: Estimated 33 M  

REGULATION 

There are two major laws that directly or indirectly influence lamp waste management in the Philippines. These are RA 6969, 
also known as the Toxic Substances, Hazardous and Nuclear Waste Control Act, and RA 9003, generally known as the 
Ecological Solid Waste Management Act. RA 6969 requires mercury wastes to be stored in containers that are corrosion-
resistant and strong enough to withstand breakage. The storage system should comply with appropriate labeling and 
packaging requirements in view of the harmful effects of mercury vapor.  RA 9003 contains relevant provisions on waste 
segregation at the source and recycling. 

Classification of EoL Lamps: Lamps are considered a specific category of waste (lamp wastes considered as “special wastes”). 

Who pays: Not identified 

OPERATION 

Collection: Local Government Units (LGUs, organized into 17 
regions and covering 136 cities and 1,495 municipalities), 
regulated under RA 9003, are responsible for the collection of 
special hazardous wastes including lamp waste from individuals, 
households, and commercial establishments that qualify as 
generating small quantities. The LGUs may enter into agreements 
with entities that are duly accredited and registered by the EMB for 
the collection of special hazardous wastes 

Treatment: Landfills, crushing and recycling all take 
place in the Philippines. Crushing and separation 
plants, 12 TSD recycling plants (treatment, storage, 
disposal or recycling) 

Estimated operating cost: Not identified 
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FOCUS 

Cleanway Technology Corporation: 

Cleanway Technology Corporation is the first company in the Philippines to offer comprehensive hazardous and medical waste 
management solutions to industrial partners. It uses internationally certified technologies and is an integrated hazardous waste 
management facility that offers companies everything from waste collection and treatment, to proper disposal in the only 
secured and double-lined landfill in the country. Cleanway provides its own transport for waste collection. Industrial and 
biomedical wastes are transported in properly labeled and secured drums in closed transport vehicles. They are equipped with 
digital scales for weighing, spill control kits, fire extinguishers and PPEs. Only personnel who have been properly trained in the 
use of Personal Protective Equipment (PPE), spill and emergency contingency procedures are allowed to transport and handle 
hazardous wastes. 

 

Figure: Cleanway Technology Corporation, www.cleanway.com.ph 

 

 

 

Bulb crushing 

The Bulb Eater is a machine that processes, or crushes, spent fluorescent lamps into small fragments. The crushed glass is 
compacted into 55-gallon containers. Because fluorescent bulbs contain mercury it requires special handling and disposal as 
well as careful disposal of any broken glass and any loose white powder (fluorescent glass coating). 

Bulbs are crushed by piece. The white powder and the mercury vapor are filtered by the Bulb Eater’s two-stage filtration system. 
The second-stage High Efficiency Particulate Air (HEPA) filter acts as a polishing filter and captures over 99.97% of the 
remaining particulate material. The mercury vapor is then blown out of the case and through a third and final carbon filter. The 
carbon filter captures the mercury vapor and clean air comes out of the Bulb Eater’s exhaust vent. The filters and crushed bulbs 
are encapsulated and disposed of in a secure landfill. 

BIBLIOGRAPHIC SOURCES 

1. WDI Database 
2. USAID Study on CFL Quality Harmonization 
3. Philippines Government PROCEDURAL GUIDELINE ON MERCURY-CONTAINING LAMP WASTE MANAGEMENT 
4. www.emb.gov.ph 
5. www.cleanway.com.ph 
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SWEDEN 

Pop: 9,269,986 Urbanization: N/A Density: 20.59 hab/km² 

GDP: 42,392 US$ per capita WDI Environmental Rating: N/A 

LIGHTING MARKET DATA 

Existing programs: Incandescent lamps to be phased out under the European EUP Directive  

MCL installed: Estimated 110 M Waste flow: Estimated 18.5 M per year 

REGULATION 

Gas discharge lamps have been covered by the ordinance on electrical and electronic products since 2001. In 2005, the 
ordinance was revised to comply with the European WEEE Directive (see European Union benchmark).  

Classification of EoL Lamps: Lamps are considered a specific category of waste, with a specific regulation. 

Who pays: Since 2001, manufacturers have had to finance collection from collection points as well as handling, recycling and 
environmentally-responsible disposal of waste electrical and electronic equipment from domestic premises.  

OPERATION 

Results: In 2008, 9,674,700 tubular lamps and 7,615,500 CFLs were recycled in Sweden. An international benchmark of the 
German organization Lightcycle shows a collection rate of 89% in 2006 for Sweden.  

Waste market organization: Producers of electrical and electronic equipment in Sweden founded a coordinating entity, El-
Kretsen, to organize collection and recycling of WEEE including EoL lamps. 

Collection: In 2008, El-Kretsen operated 950 collection points 
where gas discharge lamps can be returned. El-Kretsen collects 
the EoL lamps from these collection points and forwards it to 
the contracted recycling companies. 

Treatment plants: 1 recycling plant 

 

Estimated operation cost: N/A 

FOCUS 

The El-Kretsen collection organization published the results from several WEEE recycling activities in 2008.  

Material recycled From CFLs 
Percentage  
Weight 
 

From Fluorescent tubes 
Percentage weight 
 

Glass 67% 85% 

Aluminium 22% 10% 

Phosphor powder 5.5% 3% 

Material for energy recovery 5.5% 2% 

 

 

 

BIBLIOGRAPHIC SOURCES 

1. www.lightcycle.de 

2. www.el-kretsen.se 

http://www.lightcycle.de/
http://www.el-kretsen.se/
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SWITZERLAND 

Pop: 7,779,200 Urbanization: N/A Density: 188 hab/km² 

GDP: 67,385 US$ per capita WDI Environmental Rating: N/A 

LIGHTING MARKET DATA 

Existing programs: Phase-out of incandescent lamp similar to the European Union 

MCL installed: N/A Waste flow: Estimated 9M per year 

REGULATION 

Gas discharge lamps are covered by the VREG ordinance, which regulates the return, take-back and disposal of electrical and 
electronic devices. The VREG ordinance, originally adopted in 1998, was revised in 2005 for better harmonization of Swiss and 
EU law. The Swiss VREG ordinance sets the principle of extended producer responsibility similar to the European WEEE Directive 
in place. The VREG defines 7 categories of e-waste, in which category ‘E’ concerns EoL lamps. The VREG sets no collection or 
recycling targets. 

Classification of EoL Lamps: Lamps are considered a specific category of waste, with a specific regulation. 

Who pays: Producers and importers of lamps are responsible for financing the collection and recycling of EoL lamps.  

OPERATION 

Results: 1,130 t in 2008, this corresponds to ca. 5.9M units. According to the Swiss newspaper NZZ, Switzerland is achieving a 
collection rate of about 65%, i.e. 35% of EoL lamps are not recycled. 

Waste market organization: To fulfill their obligations, producers and importers of electrical and electronic devices have 
launched the SENS foundation. SENS organizes e-waste collection and recycling , and the Licht Recycling Schweiz foundation 
(SLRS), which is responsible for gas discharge lamps, is part of SENS. 

Collection: In 2008, SENS operated 443 collection points. 
Additionally, retailers in Switzerland are obliged to take back 
EoL lamps from customers. 

Treatment: One plant for tubular lamps; CFLs are exported. 

 

Estimated operating cost: The current recycling fee is 0.17 € per unit 

FOCUS 

Due to low volumes of CFLs collected in Switzerland, these lamps are exported to Germany for recycling. Only fluorescent tubes 
(tubular lamps) are recycled in the country. 

The SENS data for 2008 shows the importance of the different collection routes. 65% of all lamps have been collected via the 
SENS collection points, 12% have been picked up at retailers and 23% were delivered directly to official SENS recyclers. 

BIBLIOGRAPHIC SOURCES 

1. www.sens.ch 

2. www.bafu.ch 

 

http://www.sens.ch/
http://www.bafu.ch/
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U.S.A. 

Pop: 304 M Urban pop:  82% Density: 33 hab/km² 

GNI: 46,970 US$ per capita WDI Environmental Rating: N/A 

LIGHTING MARKET DATA 

Production and distribution: According to estimates by the US EPA, total Energy Star® CFL sales for 2007 amounted to 
approximately 290 million bulbs (23% of total lamps bought), an increase of about 50% compared to 2006, and accounted for 
nearly 20% of the screw-base light bulb market in the US. While the majority of CFLs are Energy Star compliant, some are not, 
which means that actual total sales of CFLs in the US in 2007 were over 300 million units. In 2008, the national CFL socket 
saturation (ratio of installed CFLs to potential sockets where a CFL could be placed) is 17% across all sectors, with most 
remaining potential in the residential sector. Commercial and industrial businesses were early adopters of CFLs and are nearly 
saturated. The residential market has 90% of all potential sockets, 11% of which contain a CFL. 

Existing programs: ex. California - The City of Los Angeles, California is launching a citywide program to distribute free compact 
fluorescent light bulbs (CFLs) to every household in Los Angeles as part of ongoing efforts to reduce the City’s carbon footprint 
(2009). CFL socket saturation is higher in states and regions that have invested most heavily in CFL promotion (West and 
North-East) 

IL are scheduled to be banned in the U.S. beginning in 2012, with phase-out complete by 2014. 

MCL installed: Estimated 3.2 B CFLs in 2010 Waste flow: Estimated 533M  

REGULATION 

On July 6, 1999, the US EPA published "Hazardous Waste Management System; Modification of the Hazardous Waste 
Program; Hazardous Waste Lamps; Final Rule" in the Federal Register (40 CFR Parts 260, 261, 264, 265, 268, 270 and 273) -
. Waste mercury-containing lamps are regulated under the Resource Conservation and Recovery Act (RCRA), which became 
effective on January 6, 2000. The federal regulation recommends proper treatment, storage, and disposal, but does not set any 
binding targets.  

Many states have developed more stringent state regulations, with identified responsibilities and quantitative commitments, 
and have added other equipment or components to the list of universal waste(s).  

Example: Minnesota 

State law [SF 1085 (LS:07]) requires labeling and public education for the sale of fluorescent and high-intensity discharge 

lamps, and also requires the recycling of these lamps. 

Classification of EoL Lamps: Waste mercury-containing lamps are classified under the federal list of universal wastes (UW). 

Who pays: In most cases, lamp waste management is a free market, where consumers pay for a service. There are no subsidies 
or other financing mechanisms (e.g. eco-tax). 

OPERATION 

Results: In the U.S., lamp recycling has increased from less than 10 million lamps in 1990 to 70 million in 1997 and 156 
million in 2003. 

Collection: Individuals drop off at collection points; professionals 
can collect themselves, and ship/transport the lamps to plants. Due 
to the high costs of recycling, most distributors are reluctant to pay 
for those costs, and only agree if a new lamp is purchased at the 
same time (for example IKEA and Home Depot). New products are 
being developed to ship these lamps directly to recycling operators, 
such as a pre-paid box designed to carry a small number of lamps. 

Treatment: Recycling, incineration, crushing, landfills. 
The list of the 26 U.S. recycling plants is available at 
http://www.lamprecycle.org/lamprecyclers.shtml 

These recycling plants are located all over the country, 
as well as transshipment facilities, which are operated 
by the same recycling operators to optimize transport. 

Estimated operating cost: Not identified 

FOCUS 

http://www.revisor.leg.state.mn.us/bin/bldbill.php?bill=S1085.3.html&session=ls85
http://www.revisor.leg.state.mn.us/bin/bldbill.php?bill=S1085.3.html&session=ls85
http://www.lamprecycle.org/lamprecyclers.shtml
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Mercury Technologies of Minnesota: 

 Dedicated to the fluorescent lamp recycling industry 

 The location was chosen for its convenient access to the interstate and also because it was a 
"greenfield" site, with no environmental damage from previous use. 

 The facility is fully authorized by the Minnesota Pollution Control Agency to recycle lamps 
containing mercury. 

 The lamps are transported to the facility using appropriately licensed firms that serve the entire 
United States as well as Canada. An exclusive, economical and proprietary reusable container 
system, designed to meet the most rigorous standards in the industry, is available to clients.  

 Individuals can drop off lamps at local participating hardware stores. 

 No need for multiple steps in the recycling process. This minimizes the risk of spillage of the toxic components of the 
lamps. The advanced air pollution control system has sufficient redundancy to assure emissions below measurable 
levels from the process air. Nothing from the process goes to a landfill, thus mitigating environmental liability from 
disposal for clients. 

 Available information for Compact Fluorescent Lamp (CFL) Recycling and other environmental efforts in the states of 
Colorado and New Mexico : http://www.mercurytechnologies-mn.com/news.html 

 

Figure: Mercury Technologies of Minnesota process, www.mercurytechnologies-mn.com 
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Annex C Case studies 

C.1 Selection of countries for case studies 

Case studies aimed at collecting information to (1) confirm plausibility of hypotheses taken for the market study, (2) 

understand the current practices in SSA and (3) assess relevance and feasibility of the identified MCL waste 

management solutions. Country selection required that information and conclusions be as representative as 

possible, i.e. that selected countries cover a broad variety of SSA contexts and/or a significant part of the SSA MCL 

waste flow. A figure of 5 case studies was set for this study. 

To enable representativity, countries were “classified” according to parameters available (1) for all SSA countries and 

(2) from comparable sources: 

► Market size
83

, which especially affects financial feasibility 

o Source : Market assessment that was led at the beginning of this study 

o Availability : 100% 

► Density, which especially affects logistic feasibility 

o Source : WDI
84

 

o Availability : 100% 

Market size 

 

 

South Africa (34 million units per year) and Nigeria (52 million units per year) are excluded from this graphic for a 

better display of the results. 

Based on these data, four groups were identified: 

                                                                        
83

 Since market data take into account accessibility to electricity, it is considered to cover various aspects such as electricity coverage rate, electricity 

consumption and urban population rate. 
84

 WDI: World Development Indicators of he World Bank, available on http://data.worldbank.org/data-catalog/world-development-indicators  
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Demographics 

 

Based on these data, four groups were identified: 

Number Density (pop./km²) Countries 

Group 1 < 100 34 countries, including South 

Africa 

Group 2 Between 100 and 300 Cape Verde, The Gambia, 

Ghana, Malawi, Nigeria, Sao 

Tome, Seychelles, Uganda, 

Togo 

Group 3 > 300 Mauritius, Mayotte, Rwanda, 

Comores, Burundi 
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South Africa

Seychelles

Sao Tome e Principe

Nigeria
Malawi

The Gambia

Burundi
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Ghana Togo
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Comores

Group 1 Less than < 3 million 36 countries, including Sénégal, 

Rwanda, Cape Verde 

Group 2 Between 3 million and 7 million Kenya, Angola, Liberia, Côte 

d’Ivoire, Zimbabwe, Tanzania, 

Somalia 

Group 3 Between 10 and 15 million Ethiopia, Ghana,DRC, Sudan 

Group 4 More than 30 million South Africa, Nigeria 
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Conclusions on country selection 

Nigeria represents about a quarter of the total potential MCL waste production by 2020. 

Selected country Reason for selection 

Nigeria Market size: represents about one quarter of the potential SSA MCL waste 

flow by 2020 

(Density: average-to-high) 

South Africa Market size: represents about 15% to 20% of the potential SSA MCL waste 

flow by 2020 

Regulation and current practices: preliminary data collection tends to show 

that South Africa provides some of the highest regulation standards in SSA 

and is a potential source of best practices 

(Density: low) 

Senegal Selected to represent countries with low production and high density 

Ethiopia Selected to represent countries with high production and average/low 

density beside South Africa 

Mali Selected to represent countries with low production and very low density 

 

 

C.2 List of interviewees 

Ethiopia  

Haiymanot Desaign Ashame ENDA, NGO 

Yusuf Ali 

Edward F. Dwumfour 

World Bank 

EthiopiaMali

Nigeria

South Africa

Senegal
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Alemayehu 

Wubie Mengestu Ethiopian Chamber of Commerce 

Teferi Asfaw Addis Chamber of Commerce 

Ato Getret 

Haile Fesseha Tessema 

Addis Abeba Municipality 

Cheik Dia AFD, French Cooperation 

 SOS Addis, NGO 

Mohammed Ali Federal and Addis Environmental Protection Agencies 

Kindane Gizaw EEPCO 

 

Mali  

Oumar Sidi ALY Town Council of Bamako 1st district 

Dambélé EDM (Electricité du Mali) 

Oumar Cissé Direction Nationale de l’Assainissement 

Chekh na Cissoko 

Sidibé Ousman 

Albert Maila 

Signa sidigué 

M. Coulabiliy 

Chambre de Commerce du Mali 

Mamadou Cara Africa Stockpile Program 

Zié Coulibaly World Bank 

Baba Diara 

Omar Coulibaly 

ENDA 

Guardian Landfill of Bamako 1st district 
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Nigeria  

Mrs FC Mogo Waste Management Society of Nigeria (WAMASON) 

Oladimeji Oresanya Ministry of Environment (MD: LAWMA) 

Moji Adeleye (Communications: LAWMA) 

Ms Edith WAMASON 

Abuja Business Manager’s Office Power Holdings Company of Nigeria (PHCN) 

Not named (informal interview) Cement plant 

 

Senegal  

Salimata Seck WONE IAGU (Institut Africain de Gestion Urbaine) 

Pr AIWO ISD (Institut Santé et Développement) 

Amadou Sylla FALL ERT (Dakar Lighting Company) 

Mayassine DIONGUE Public Health Physician 

 Dakar Town Council 

Ibrahima DIAGNE CADAK (Dakar District Council) 

Gata BA 

Assan DIOP 

Aïta Sall SECK 

Senegal EPA (Chemicals, International Issues and 

Sanitation experts) 

Denis JORDY World Bank 

Pr Adams TIDJANI Cheikh Anta Diop University of Dakar 

Jean-Claude DUPONT VEOLIA Dakar 

 

South Africa  

Ms Dee Fischer Department of Environmental Affairs 

Mr Jan Hoogstra Phillips Lighting 

Mr Andre Nel 

Mr Rowan Armstrong 

Ms Tessa Chamberlain 

Pick n Pay 
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C.3 Main findings 

With the exception of South Africa, waste regulation is generally weak in SSA. As a direct consuequence of this state 

of affairs, reliable data or information on the issue of waste management and WEEE management in particular were 

difficult to collect and more often than not, not available. 

Detailed findings are described in section 6, and summarized in the following tables. In all countries, it was reported 

that there is a deep culture of reusing any reusable product or material and that scavengers are omnipresent on 

landfills. They are in some cases organized by specialty, with representatives, individualized operating perimeters, 

etc. 
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 Regulations Current waste management practices Examples of noticeable initiatives 

Ethiopia 

81m inhab. (17% urban) 
81inhab/km² 

The general awareness about CFL waste risk 
is nearly absent. 

Concerning WEEE, the level of awareness is a 
bit higher but it is clearly not the priority of 
the local authorities. 

The general household waste management is 
the main challenge at the moment. 

Imports and circulation of goods is poorly 
controlled 
 

Mostly uncontrolled landfills, with risk-
inducing locations (in cities, near water 
bodies, on sandy soils), or basic dumping 

Households, livestock, crops… close to, or 
even on the landfills 

 

 

Development of engineered landfilling (e.g. 
Sikasom in Mali, Sindia in Senegal) 

EEPCO take-back scheme  5m lamps 
collected, but stored in the absence of a 
suitable solution 

Mali 

13m inhab. (32% urban) 
10 inhab/km² 

Local awareness campaign on the interest of 
using trash bins 
Obsolete pesticides management program 

Scavenger associations involved in separate 
collection 

Senegal 

12m inhab. (42% urban) 
inhab/km² 

Privately operated waste collection 
Battery collection points (did work, but 
abandoned due to absence of treatment 
solutions) 
Local initiatives for the monitoring of 
environment pollution and body intoxication 
next to landfills 
Sorting facility project to control scavengers 
activities and avoid them working on the 
landfills 

Nigeria 

81m inhab. (17% urban) 
81inhab/km² 

Existing regulation, but not enforced Prevalence of road-side dumping 

Unregulated incinerators 

Lamp and toner cartridge recycling plant on 
Total site, nut no separation of MCLs or 
mercury pollution prevention measures 

South Africa 

81m inhab. (17% urban) 
81inhab/km² 

Waste Act, 2009 - importers must define an 
Industrial Waste Management Plan (IWMP) 
before selling products in South Africa 

Hazardous Substances Act 

Existence of engineered landfills and 
hazardous waste landfills 
Management and monitoring of mercury 
pollution arising from gold mine tailings. 

Privately operated waste collection 
FL-recycling plant on CFL production plant 
site in Lesotho (on-hold) 
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