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ABSTRACT

Asbestos is a group of fibrous minerals that can cause serious cancers and other
negative health effects, usually decades after exposure. While the future health impacts
of today’s asbestos use have become clear over the past century, this
industrially-valuable substance is still commonly used in many countries for economic
reasons, particularly in low- and middle-income countries. We explore a general
framework for conducting cost-benefit analysis of banning asbestos on the whole
country scale, then apply this framework to the nation of Colombia. Through this case
study application, we highlight some of the challenges related to data quality and the
need for proxy methods to estimate important CBA components in data-limited
environments. Our analyses indicate that a full ban on asbestos would result in a net
benefit for Colombian society and economy, with the value of health benefits
dependent upon the details of the selected policy alternative. While avoided health
impacts comprise much of the evaluated benefits, significant financial benefits would
likely also result, though these would be concentrated among producers of asbestos
substitute products. The limitations of our model and available data suggest that more
clearly quantifying the link between national asbestos trade values, occupational
exposures, and society-wide disease incidence would be a valuable area of future
research to prioritize. The general framework and our sensitivity analysis of the applied
case study model highlight important areas for future research and data collection
efforts to improve future CBA of asbestos bans.
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EXECUTIVE SUMMARY
Overview and Objectives
We develop and explore a general framework for cost-benefit analysis (CBA) of national
asbestos bans, in an effort to help demonstrate the challenges posed by real-world application
of relevant valuation methods. We first select methods to value the economic impacts of a full
asbestos ban to important financial sectors and to public health. We then describe the
limitations of applying these methods, both generally and to specific data publicly available for
Colombia. Through this process, we highlight potentially useful simplifying assumptions and
proxies for estimating values in cases where detailed information is not possible to obtain. This
exercise allows us to make recommendations specifically for Colombia, and more generally for
the prioritization of future research and data collection efforts to improve future economic
analyses of asbestos policy.
Background and Project Motivation
Despite the known public and occupational health risks posed by asbestos, uncertainty in the
costs of banning asbestos may influence policy debates on whether or not to stop asbestos
use. In particular, asbestos use is still common in many low-income and developing countries,
where health and economic data may be relatively limited in quality and quantity. In the context
of a proposed law to ban asbestos in Colombia, quantified estimates of costs and benefits
could aid the understanding of both decision makers and the general public of policy impacts.
But estimating and monetizing some of these values is a complex process complicated by
limited data availability.
CBA Conceptual Framework
We primarily focus our framework on policy impacts to the following groups and sectors:
● Mining and crude asbestos production
● Manufacturing of products containing asbestos (PCAs)
● Manufacturing of PCA substitutes
● Consumers of PCAs and PCA substitutes
● All Colombians potentially exposed to asbestos
Because asbestos-related diseases (ARDs) manifest decades after asbestos exposure, our
model includes valuation of distant-future avoided disease cases. Forecast ARDs which are
prevented well beyond the 30-year policy analysis window are included, and are discounted
accordingly.
Colombian Case Study
We modeled net present values (NPVs) of a ban enacted under 3 potential market scenarios,
and compare these to a status-quo baseline case. Baseline crude asbestos consumption
drives both health benefits and substitute manufacturing profits in our policy models. This
consumption, for reasons related to the structure of available data, is modeled as an
endogenous variable dependent on the conditions of the regional asbestos market. We
therefore model the ban under 3 consumption scenarios created by fixing growth rates of the
relevant market variables.
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Major Sector Valuations
Production: Colombia has only one operational asbestos mine; information published during a
2011-2012 sales were used to estimate values such as upper bounds of production and
labor.
PCA and substitute manufacturing: A simplified model of the construction material,
automotive, and “other” industries were considered, as these components together make
up the vast majority of reported Colombian asbestos use. Locally collected consumer
prices were used to estimate relative differential manufacturing costs between PCAs and
substitute products.
Health impacts: A regression model using historic per capita asbestos consumption data and
WHO data on mesothelioma incidence was used to project future disease occurrence as a
function of consumption changes. Multipliers from previous literature were used to
estimate the rate of other co-occurring asbestos-related diseases (ARDs). While this
method is not strongly supported by the existing literature, using it allowed us to
approximate otherwise inestimable values, and to better understand the specific
weaknesses of this approach.
Colombian CBA Findings
All 3 modeled scenarios have a net positive outcome. The positive net benefits in our model
are driven by the value of avoided loss of life and increases in revenue for substitute
manufacturers. Sensitivity analysis revealed that the most influential variables in our model
were found to be VSL and the substitute industry’s profit margin. The relative importance of
precision in health-related vs. economic variables to final NPV depends on external market
conditions.
Conclusions
Colombia may ban asbestos in the coming years, based on recent legislative, judicial, and civil
society developments. Our model suggests a ban would have a positive economic impact.
While methodological validity is limited by data constraints, this CBA framework can help to:
● Approximate values which might otherwise be excluded from explicit discussion
● Help policymakers prioritize support of future data collection and research
● Help align future health research with needs of policymakers and economists
Limitations and Opportunities for Further Study
The estimation of disease cases as a function of per-capita consumption, while a useful
shortcut, belies the reality that occupational exposure plays a driving role in ARDs. This is
demonstrated by our unsuccessful application of this method to several partial ban scenarios,
which generated health impact results clearly uncoupled to the physical realities of asbestos
exposure. Moreover, the data available for use in this method was not granular enough to meet
regression validity assumptions. We believe that future work to quantify likely number of
disease cases generated by per-unit-production occupational exposures would be extremely
valuable to future analytical efforts.
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I. INTRODUCTION

A. Global Context of Asbestos and Its Public Health Burden
Asbestos is the term for a group of naturally occuring minerals used in a diversity of
commercial applications. These 6 minerals are chemically distinct, but all share a long,
thin, fiber-like crystal shape that can be separated for industrial uses (IARC 2012). The
high resistance of these fibers to thermal, chemical and biological degradation make
asbestos a valuable and inexpensive insulating and friction-resisting material.
Asbestos fibers have been used heavily since the start of the Industrial Age in public
and private spaces, including factories, pipeline lagging, power stations, public
buildings, homes, ships and automobiles (Leong, Zainudin et al. 2015). Asbestos also
has high tensile strength and structural flexibility, allowing it to be incorporated into
flame-resistant fabrics such as fire blankets, heat resistant gloves, and stage curtains.
In all, there are on the order of over 3000 different commercial products containing
some amount of asbestos (Harris and Kahwa 2003).
Unfortunately, some of the same properties that make asbestos industrially valuable
also make it hazardous. These fine yet durable mineral fibers are easily spread as
airborne dust following abrasion, and are known to cause serious health impacts once
lodged in lung tissue, where they may remain for months or years (Manning, Vallyathan
et al. 2002).
Evidence shows that occupational and environmental exposure to asbestos fibers are
associated with the asbestos-specific diseases mesothelioma and asbestosis;
exposure also increases the risk of more common cancers such as lung, laryngeal, and
ovarian cancers (Manning, Vallyathan et al. 2002). A recent estimate by Furaya et al.
(2018) indicates that around 255,000 deaths occur from asbestos-related diseases
(ARD) every year, allowing the development of a “rule of thumb” approximation that the
global use of every 20 tons of asbestos kills one person.
In addition to worker injury, the widespread historic use of asbestos has created
pathways for the general public to develop ARDs linked with environmental exposure.
Family members of asbestos workers and residents living near asbestos-handling
facilities are the population groups with highest non-occupational exposure risks (Luo,
Liu et al. 2003), though other groups that come into contact with manufactured
asbestos-containing products (knowingly or not) may be at significant risk as well.
Complicating studies of exposure and dose-response relationships, many ARDs have
long latency periods, meaning that illness may not occur until decades after the
exposure to asbestos. The median latency of mesothelioma is about 22.8 years (Frost
2013) and the average lasts even longer (see Section III(C)v.). Moreover, such diseases
may take even longer to be fully diagnosed (Kamp 2009), and may not ever be
successfully diagnosed as specifically asbestos-related (e.g., asbestos-related lung
cancer).
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These long latency periods make the link between asbestos use and its impacts on
public health difficult to document, quantify, and control. Consequently, while the
pervasive and continued use of asbestos worldwide represents a great public health
challenge, it is difficult to precisely estimate the extent of expected future impacts.
B. Motivation for Project and Colombia Case Study
In light of mounting evidence that asbestos poses an occupational and environmental
health threat, and as norms regarding legal liability for worker and consumer health
impacts have shifted (McCulloch 2006), laws and regulations restricting the use and
transport of asbestos became more common worldwide over the past 50 years. Partial
legal bans on asbestos, whether on certain uses, certain types, or certain products,
were introduced in countries such as Denmark, Sweden, and the US beginning in the
1970s. Complete or near-total bans on all types of asbestos were implemented by
some countries starting in the 1980s, beginning with Iceland (Kazan-Allen, 2018). By
2003, 16 countries had implemented full bans on asbestos, followed soon by the
European Union in 2005 (encompassing all of its then-25 member nations).
This number has since grown to include former major asbestos producing countries
like Canada (which ceased mining in 2012 and implemented its near-total ban in 2018)
and Brazil (whose Supreme Court enacted a complete ban on production and use in
2017, as the culmination of a series of court cases over earlier state- and
municipal-level bans). The International Ban Asbestos Secretariat (IBAS), a data and
information-sharing hub on international asbestos regulation, lists 66 countries as
having national asbestos bans in place as of October 2018, and international
organizations such as the WHO and the ILO have advocated for global bans for well
over a decade (WHO/ILO 2007).
The nation of Colombia (the focus of our case study) is currently considering a ban on
asbestos, and has been debating such measures for a number of years now. There is
an active campaign against asbestos usage in Colombia, and proceedings of the
Colombian legislature have occasionally included debate and discussions on
implementing a ban (Minsalud 2017). Dr. Juan Pablo Ramos-Bonilla, a public health
researchers at Universidad de los Andes in Bogotá, Colombia, has been involved in
advocating for such a ban, and has noted that uncertainty about the potential
economic impacts of such a policy has in the past been a major point of contention
between those in favor of a ban and those opposed.
Relatively few studies have been made publicly available evaluating the full scope of
economic and health impacts of asbestos bans at a country level, though macro-scale
analysis by the WHO suggest that no significant impact to GDP is typically seen in
countries that do implement bans (Allen 2017). Studying the economic impacts of such
a ban is a problem complicated by data availability issues, by questions of how to
value health impacts, and by a significant lag period between the implementation of the
policy and its likely future benefits, given the long disease latency period of ARDs.
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As detailed in the section that follows, this project explores a comprehensive
framework for cost-benefit analysis of an asbestos ban. This paper then demonstrates
the challenges posed by real-world application of these methods to the case of
Colombia. In the process, we highlight relevant data shortfalls, and potentially useful
proxies and simplifying assumptions for estimating critical values. We consider the
implications of using these methods in cases where detailed information is impossible
or impractical to obtain for a resource-limited analyst operating in a data-limited region.
C. Project Objectives and Structure
The objectives of this project are twofold:
1. To explore and develop a framework for conducting a comprehensive
cost-benefit analysis of an asbestos ban in a country or region of interest, with a
focus on simplifying methods potentially valuable in a data-limited environment.
2. To apply this framework to a hypothetical asbestos ban for Colombia, relying
primarily on publicly available data and sources.
i. Structure of This Report
The report that follows first describes the history of global asbestos use and regulatory
trends, including the distributional impacts of current use patterns. We then describe
our theoretical framework, including specific approaches and methodologies useful for
valuation of the major analytical components we select. Following this, we describe our
attempted application of this framework to the Colombian context (including the
case-specific challenges we encountered), along with our preliminary net benefit
results and sensitivity analysis of an asbestos ban in 3 potential market scenarios.
Finally, we discuss the limitations and value of our broader framework in light of the
experience of conducting this case study, and highlight areas of particular importance
and interest for future research.
ii. Partnership with Researchers at Universidad de los Andes
Members of Dr. Ramos-Bonilla’s research team and network have been working to
document the health impacts and exposure pathways of asbestos on various sectors
of the Colombian population, as well as to compile information in support of the
creation of a National Asbestos Profile (NAP) for Colombia. The WHO and International
Labor Organization jointly issued guidelines in 2007 on how to develop an NAP, which
is intended to serve as a standardized and periodically updated characterization of the
state of domestic asbestos use and disease potential for the country of interest
(WHO/ILO 2007).
Our team relied heavily on Colombian economic and health data collected by students
of Dr. Ramos-Bonilla, as well as on his consultation and general advice. In particular,
Mr. Yordi Silva Arias’ recently completed Master’s thesis (Silva Arias 2018) focused in
part on collecting and validating a variety of data related to asbestos production,
import, export, major sectors, and the primary companies involved, as well as data on
asbestos-related health impacts in a variety of Colombian sub-regions. Other members
12

of the research group also worked to provide our team with data related to consumer
prices of various asbestos-containing products and their substitutes (Arias, Cruz, et al.
2018).
II. BACKGROUND: ASBESTOS GLOBAL USE AND EXISTING REGULATION
A. Global Asbestos Production and Use
Asbestos-containing rock (ore) is typically mined from open-pit quarries, and is
processed initially through crushing, which separates the fibrous mineral deposits from
non-fibrous matrix rock prior to a mechanical sorting process (EPA 1975). The fibers
themselves are removed through a combination of suction and sieving in a dry or wet
process. Once the non-asbestos rock matrix is removed, these fibers are further
crushed to separate individual filaments from one another; the fibers can then be run
through a series of sieving processes to sort them into industrial grades by fiber length.
This “crude” asbestos is sold for incorporation into manufactured products containing
asbestos (hereafter referred to as PCAs).
The six mineral groups collectively referred to as asbestos have different industrial
values, and are distinguished commercially by color-based trade names or other
descriptors (see Table 1). While the major classes of commercial asbestos (white, blue,
and brown) are sold separately, fibers of these and other asbestos minerals (such as
the non-commercial actinolite and tremolite asbestos types) may co-occur as
contaminants within raw ores (and therefore final products) of another asbestos type.
Asbestos fibers have also been found to occur as a contaminant in other commercial
minerals including vermiculite and talc, leading to asbestos exposure through products
such as vermiculite insulation (Antao, Larson et al. 2012) and cosmetic talcum powder
(Gordon, Fitzgerald et al. 2014).

Mineral

Table 1: Asbestos minerals by type

Commercial Name and Use

Notes on Global Use/Restriction

Chrysotile

White Asbestos

95% of current global use; historically
less strictly regulated due to debate
over relative toxicity vs. other asbestos

Crocidolite

Blue Asbestos

Amosite

Brown Asbestos

The two most prominent amphibole
asbestos types, commonly regulated
before chrysotile

Anthophyllite Azbolen Asbestos
Actinolite

Not Commercially Sold

Tremolite

Not Commercially Sold

Occur mainly as contaminants of other
commercial asbestos types and in other
mineral commodities (such as talc,
vermiculite, etc.)

Information adapted from (IARC 2012a).
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Historic and Current distribution of asbestos production and manufacturing
Modern industrial-scale use of asbestos originated in Italy in the early half of the 1800s,
but spread globally as mining of asbestos increased. As a growing market developed
around flame-retardant textiles produced in Italy, large-scale commercial asbestos
mining began in Canada in the late 1800s in Quebec to meet rising asbestos demand.
Other major mines opened in South Africa and Russia around the same era. The
development of machinery to mass product asbestos-cement panels and piping in the
early 1900s boosted the use of asbestos in construction, and applications related to
vehicles, gaskets for steam-powered equipment, and military and naval operations
further expanded global use after each of the World Wars (Bianchi and Bianchi 2015;
Virta, 2006).

The rate of increase of use of asbestos in the US and in relatively industrialized nations
such as those in Western Europe began to slow after the 1950s, as evidence of
asbestos health impacts mounted, and as asbestos restrictions were enacted in more
locations. The current major producers and consumers of asbestos as of 2017 and
2016 respectively are presented below in Table 2, though Brazil’s Supreme Court
recently banned asbestos nationally as of the end of 2017.
Table 2: Major producers and consumers of asbestos

Top Exporters

2017 Tons Produced

Top Consumers

2016 Tons
Consumed

Russia

690,000

India

308,000

Kazakhstan

210,000

China

288,000

China

200,000

Russia

234,000

Brazil

150,000

Brazil

120,000

World Total

1,280,000

World Total

1,370,000

Data from USGS Minerals Yearbook data (2016, 2017).

Major industries still dependent upon asbestos
The common uses of asbestos vary significantly between countries, with a distinction
seen between higher and lower income nations (Le, Takahashi et al. 2010). In the US,
for example, specialized chemical production companies are the most significant users
of imported asbestos (Lemen and Landrigan 2017); in Canada, such industries were
granted a temporary exemption from the recently implemented ban (Government of
Canada and Government Services 2018).
But in the nations still using significantly larger tonnage of asbestos each year, the
largest application by volume is construction materials, including asbestos cement
used for walls, roof tiles, and water pipes. These materials, along with water storage
14

boxes, collectively account for on the order of 90% of all global us ( Collegium
Ramazzini 2010). Significant occupational exposures may also come from the use of
asbestos in friction-resistant materials such as brake pads and other automotive
components, and chemical industrial applications such as heat- and acid-resistant
gaskets (Cely-Garcia, Curriero et al. 2017, Allen 2017).
B. Substitutes for Asbestos

The combination of relatively low price and desirable physical and chemical properties
of asbestos makes it difficult to find suitable yet cost-competitive substitutes. There
has been considerable research on asbestos substitutes as awareness of the hazards
posed by of asbestos has risen. any substitutes exist for different types of asbestos
applications, but no single substance can replace asbestos for all of its potential
applications at cost (Jargin 2015).
Table 3: Major Substitute Types (after Maya 2016)

Common Substitutes for Asbestos
Construction Industry

Textile Industry

Automotive Industry
(friction)

Glass-reinforced
thermosetting plastic
(GRP)

Nylon fiber

Semi-Metallic brakes

PVC

wool blends

Vermiculite

Metals

amorphous silica fabrics

Silicon nitride

Glass-reinforced
cement

Carbon fiber

Carbon composites

Mineral wool

Fiberglass

Metal (brass, bronze,
copper, iron) fibers

Vermiculite

Mineral wool

Fiberglass

Ceramic fibers

Aramid fiber

Cellulose

Construction industry
More than 50% of asbestos manufacturing is of asbestos-cement production for the
construction industry. Major products include molded goods, pipes, asbestos-cement
sheets, and insulation board. Potential substitutes for these products are
glass-reinforced thermosetting plastic (GRP), PVC, metals (especially aluminum) and
glass-reinforced cement. For insulation purposes, potential substitutes are mineral
15

wool, vermiculite and ceramic fibers. However, these substitutes have many
drawbacks compared to asbestos products. For example, GRP products do not have
good fire resistance and can emit toxic fumes if combusted; PVC and metals have
more stringent application conditions; glass-reinforced cement is more expensive than
asbestos materials and its endurance is not well understood; and the substitutes for
insulation do not perform as well as asbestos. (Tittarelli 2010)
Friction materials
In the automobile industry, asbestos-based materials are widely used for producing
brake pads and clutch linings. The potential substitutes include sintered products,
which are products formed by heating or applying intense pressure to powdered
materials without melting them to a liquid state. Others include the mineral vermiculite,
the compound silicon nitride, carbon or carbon composites.
However, these substitutes have drawbacks. In the case of sintered products, for
example, heat conductivity can cause erratic performance when brake fluid is heated,
and performance is inconsistent between cold and hot weather. Silicon nitride,
commonly used in brake pads, has longer service life but is more expensive (Pye,
1979).
C. Health Impacts of Asbestos
The WHO found in 2010 that about 125 million people in the world are exposed to
asbestos at the workplace annually, and more than 100,000 die from asbestos
exposure annually (WHO 2014). According to the U.S. Environmental Protection
Agency (EPA) and the International Agency for Research on Cancer (IARC), there is
strong evidence showing that the exposure and inhalation of asbestos can cause a
variety of diseases including not just mesothelioma, but also lung cancers, laryngeal
cancers, and ovarian cancers. The Toxicological Profile for Asbestos from the U.S.
Department of Health and Human Services (ASTDR, 2001) states that the factors
affecting the risk of developing ARDs include dose, exposed duration, and other
individual factors such as smoking and pre-existing diseases. Smoking in particular
represents a major confounding cancer risk source, as smoking in combination with
asbestos exposure is associated with much higher cancer risk than the risk associated
with either smoking or asbestos exposure alone (Geyer 2014).
Among all these asbestos-related cancers, mesothelioma has the clearest
dose-response relationship with asbestos exposure (Whitwell et al. 1977). In contrast
to the confounding effect that occurs with smoking and asbestos-related lung cancer,
the risk of mesothelioma does not increase among smokers. For this reason, and due
to the lack of other known causes of mesothelioma, mesothelioma has become the
most popular ARD used to study asbestos health impacts (Selikoff et al. 1968).
Different types of asbestos fibers may also result in different degree of health risk,
though the evidence on this topic is complex and highly contentious. Among three
principal commercial asbestos types, crocidolite may have the highest
exposure-specific risk of mesothelioma, which is 5 times higher than that of amosite
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and 500 times higher than that of chrysotile (Hodgson et al. 2000). However, all
asbestos types are carcinogenic.
D. Historical Trends in Asbestos Regulation
The modern understanding of links between asbestos exposure and ARDs developed
in the late 19th and early 20th century, following in the wake of a global expansion of
industrial asbestos use. High rates of illness (likely the tissue scarring condition called
asbestosis) were observed and documented among asbestos textile workers by UK
factory inspector Lucy Deane in the late 1890s (as compared to textile workers not
exposed to asbestos, or workers exposed to other kinds of dust. However, it took until
1931 for the UK to institute what are thought to be the world’s first modern regulations
on asbestos dust control (Harremoës, Gee et al. 2001).
The health impacts associated with asbestos exposure became more clear as the
number of cases of asbestos-related cancers rose sharply in the decades after the
World Wars (Virta 2006). However, the difficulty of documenting clear distinctions
between ARDs and other sources of cancer complicated the case for regulation,
compounded by the lobbying influence of major companies that depended on
asbestos in their manufacturing processes (Castleman, 2001).
i.
Distributional Equity of Continued Global Asbestos Use
Many high-income countries have implemented bans or other legal precautions to
restrict asbestos production and usage and curtail future public health impacts.
However, in many low- and middle-income countries, asbestos is still used in relatively
larger quantities and with comparatively little regulation. Le, Takahashi et al.
demonstrate that asbestos use appears to follow an Environmental Kuznet’s Curve
trajectory, as income increases (2010); the pattern is visible when national asbestos
use is plotted against inflation-adjusted GDP, and many countries considered low- or
middle-income under their analysis are still increasing their annual asbestos
consumption. Asian countries consume more than 70% of asbestos consumed
worldwide (Kazan-Allen, 2018).
ii. International regulation and calls for a global ban
Given the serious health and safety hazards of asbestos use, several international
organizations have pushed forward more strict regulations on this mineral group. In
1986, the ILO proposed guidelines for preventive measure to eliminate the risk
occupational asbestos exposure (ILO Asbestos Convention, 1986 (No. 162)). In 2006,
the ILO and WHO further endorsed a resolution concerning the health hazards by
actively promoting a global ban for all types of asbestos and asbestos-containing
product(95th Session of the International Labour Conference, June 2006, WHO
Elimination of Asbestos related Disease, 2006).
International anti-asbestos campaigns have led to a diminishing world-wide demand
for products containing asbestos fibers (Malcolm, 2013). However, international
agreement on asbestos regulation has faced many setbacks due to active lobbying by
the chrysotile asbestos industry. For years, the international society has been trying to
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regulate chrysotile under the Rotterdam Convention as a hazardous chemical in
international trade (Right on Canada 2019, Veder 2017). In 2017, however, seven
countries (Russia, Kazakhstan, Zimbabwe, India, Kyrgyzstan, Belarus and Syria) voted
against including chrysotile under the Rotterdam Convention Hazardous Substances
list (Mauney 2017). It was the sixth consecutive time that this type of asbestos was
unsuccessfully nominated to be listed among chemicals that require notification and
consent of the importing country.
iii. Notes on Selected Country-level Asbestos Bans
The map below shows countries which have adopted full or partial bans on asbestos,
based on the chronology assembled by the IBA Secretariat website. Partial bans are
indicated with solid grayscale shading, with darker colors corresponding to earlier bans
(1974 to 2017). Full asbestos bans are indicated with colored cross-hatching on a
red-orange-yellow gradient, with the oldest bans (1983-1992) rendered in red and the
most recent bans (2012-2019) rendered in yellow. Countries without bans reported by
the IBA Secretariat ban chronology are indicated only with a fine blue outline.
Figure 1: World map illustrating chronology of partial and full asbestos bans between 1974 and 2019.

Original figured based on IBA Secretariat’s chronology. A larger version is available in Appendix B.

Asbestos Regulation in the Americas
Canada was a major global asbestos producer before the country suspended
production at its two largest asbestos mines in 2011 (CAREX 2019). After the closures,
Canada stopped exporting asbestos, but still imported asbestos containing products
(Mauney 2017). A ban passed in 2018 prohibited the import, sale, and use of asbestos,
as well as the “manufacture, import, sale, and use of asbestos-containing products,
with a limited number of exclusions”, as of January 2019 (Government of Canada,
2018). The United States has not banned asbestos, though its use is highly regulated.
As of 2018, five Latin American countries - Chile, Argentina, Uruguay, Honduras, and
Brazil - have banned the use, fabrication and trade of asbestos (Kazan-Allen, 2018).
Until recently, Brazil was the world’s third largest producer of chrysotile and was the
18

primary asbestos source for the U.S. (USGS Fact Sheet, 2017). In November of 2017,
however, Brazil’s Supreme court ruled to ban production and use of all kinds of
asbestos (Kazan-Allen, 2017).
E. Asbestos in Colombia
i. Production and Use of Asbestos in Colombia
Asbestos is still widely used in Colombia, with the bulk of this use occurring in the
manufacture and use of asbestos-cement and other construction materials.
Asbestos-cement sheeting and siding are in housing and other construction, while
asbestos-cement piping was previously used commonly for water distribution (Silva
Arias 2018). Asbestos-containing friction materials and gaskets are also common in
automotive applications, leading to significant occupational exposure of auto
mechanics (Cely-Garcia, Curriero et al. 2017).
Figure 2: G
 raph of apparent asbestos consumption in Colombia.

Pre-1970 values are interpolated from USGS decadal snapshot values from years ending in 0. Values
between 1970 and 1995 are interpolated from 5-year USGS interval data. 2002-2009 were not available.

ii. Recent Change in Colombian Asbestos Mining Industry Trajectory
As shown in Figure 3 below, Colombian production of crude asbestos fell in the 2000s,
ceasing altogether between 2011 and 2012. However, mining began again in 2013 and
has since risen beyond previous historic highs due to an unusual set of local
circumstances.
The Las Brisas mine near Campamento in the department of Antioquia is currently the
sole asbestos producing mine in Colombia. The mine was opened by the Canadian
company Johns-Manville in 1974 (IBAS 2013). News reports from the area between
2011 and 2016 indicate that regional violence in the 1990s (related to the recently
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ended civil war and the coca trade) eventually spurred the company to abandon the
property in 2000 (Semana 2013, Rojas 2012, Sánchez 2013). Following destruction of
mine property and infrastructure (and the kidnapping -- and in one case, murder -- of
employees (Semana 2013)), the company withdrew and left the mine under collective
ownership of the workers, with production declining until the eventual shutdown in
2011.
Figure 3. Colombian asbestos production, trade, and consumption data (after Silva Arias, 2018).

Graph of tons of crude asbestos production (blue), imports (red), exports (green), and apparent
consumption (yellow) in Colombia, 1974-2016. Pre-1970 values are interpolated from USGS decadal
snapshot values from years ending in 0. Values between 1970 and 1995 are interpolated from 5-year
USGS interval data. 2002-2009 were not available.

In 2012, the mine was placed on the market under judicially-ordered liquidation
(BNAmericas 2012); public statements and presentations made by the brokerage firm
(and eventual buyer) to potential investors during this sales period provide an estimate
of the scale of the mine’s production capacity. Local reporting on the Campamento
community’s relationship to the mine provides estimates of the locally employed
workforce as between 200 and 250 (Rojas 2012, Semana 2013). Interviewed residents
describe the period during the mine’s closure as being difficult due to lack of services,
including medical care, which was reportedly provided by the mining company due to
the distance of the area from the nearest major urban hub (Rojas 2012).
Colombia has historically been a major importer of Brazilian asbestos (IBAS 2013).
Colombia also exports a small quantity of crude asbestos and a significant volume of
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asbestos-containing products, produced primarily by 6 major companies (Silva Arias,
2018). In the absence of a ban, the sudden cessation of Brazilian asbestos exportation
could therefore have implications for the near-future trajectory of the asbestos market
in Colombia -- and for this reason, implications on the political success of an
attempted asbestos ban.
iii. Scope of asbestos-related health problems in Colombia
Asbestos represents a source of preventable occupational cancer risk in Colombia,
and impacts non-occupational populations as well. Between 2009 and the first half of
2017, the Colombian SISPRO health data system documented 233 new cases of
mesothelioma, spread across age cohorts ranging from less than 9 to more than 80
years old (Silva Arias, 2018). The WHO tabulate around 866 new cases of
mesothelioma and potentially asbestos-related classifications of pleural cancers in
Colombia between 1997 and 2015. The WHO’s country-by-country database of
recorded cases of mesothelioma and related pleural cancers indicates a higher number
of cases than the SISPRO system; however, both of these data sources may still
underestimate the true burden of mesothelioma due to the difficulty of diagnosis and
reporting in low- and middle-income countries.
III. CONCEPTUAL FRAMEWORK AND METHODOLOGIES FOR CBA OF
ASBESTOS BANS
A. Overview of General approach to Framework Development
The framework described below identifies several major areas of costs and benefits
appropriate for consideration, accompanied by a list of data types and valuation
methods that may be contextually appropriate to incorporate into an economic
analysis of a regional asbestos ban. Because diagnosis and reporting on
asbestos-related health impacts (and cancer in general) are known to be scarce or
incomplete in many lower-income nations (França, de Abreu et al. 2008; Park, Takahashi et
al. 2011), we expect that any attempt to forecast future disease impacts from past data
may underestimate the true values of involved health costs. Also, because detailed
economic data may require significant investment of in-country research time where
government or industry reporting is scarce, we expect that many of these desirable
values may not be feasible to collect without significant investment of time and
resources.
For each major valuation area discussed below, we have searched where appropriate
for other potential means of estimating the most significant direct and indirect values of
the category in question. These means involve either using available information as
reasonable proxies with which to fill data gaps, or by using other potential means of
estimation or approximation of a given value category. The in-practice utility of some of
these estimation methods is likely to depend on the application context -- especially
available data quality, and whether studies potentially relevant for use in benefit
transfer are available in regions or countries similar enough to the country of interest to
be reasonably employed.
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This framework provides a guide to relevant estimation and approximation methods;
limitations of these methods are discussed later in the document. In the sections
immediately to follow, we describe overarching structural components of our analytical
framework first, then describe the specific methodologies suggested for each
particular cost or benefit valuation in more detail.
A. Baseline Cases vs. Prohibition Scenarios
To evaluate the likely costs of a future policy, an analyst must first develop a basic
model of the relevant economic situations for use as a reference point for comparison.
We refer to this reference scenario throughout this document as the ‘baseline’
scenario: specifically, a scenario in which asbestos has not been banned, and
asbestos-related business has continued as can be reasonably forecast.
Regulators or advocates interested in undertaking a ban, in turn, may consider several
types of bans and related legislation for comparison. Examples (derived from real
regulations introduced in various countries, per IBAS reporting) include:
1. A complete ban on all uses and types of asbestos (e.g., Jordan’s 2005 ban)
2. A ban with minor industry exceptions (e.g., Honduras’ ban with exceptions for
certain electrical and thermal insulation uses in 2004)
3. A ban on some types of uses (e.g., China’s ban of automotive uses in 2003)
4. A ban on use of some types of asbestos minerals but not others (e.g., Hungary’s
ban on amphibole, but not chrysotile, asbestos in 2001)
5. A ban on in-region use without a ban on production and export (e.g., Croatia
began permitting PCA manufacture for export following a 2006 ban)
In this paper we focus on the potential for implementation of a full ban of all asbestos
production, use, and sale. While we initially attempted modeling of several partial ban
scenarios, limitations on available data and methods rendered these numbers
meaningless for reasons described in later sections.
This framework does not provide guidance for consideration of the costs of safely
removing asbestos or PCAs already in use and circulation. The WHO notes that
banning asbestos without removal does not eliminate all potential for future asbestos
exposure (WHO 2014), as discussed further below.
i. Primary Sectors and Stakeholders Considered
This framework considers cost and benefit streams starting with the asbestos mining
process (i.e., production of crude asbestos) and carried through consumer/end-user
prices. This includes value flows through a system comprised of crude asbestos
producers (that is, mining and refining), PCA manufacturers, manufacturers of PCA
substitutes, and end-consumers. The analysis is, bounded within the country or region
of interest, so benefits or impacts to residents or companies outside of this region are
not included.
The underlying logic model of the CBA is adapted from work done by Canadian
regulators to inform the agency’s analysis of the asbestos ban implemented earlier this
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year (Government of Canada, 2018). The framework focuses on four primary categories
of value changes, respectively related to:
1. production of asbestos
2. substitution of products currently containing asbestos
3. administrative costs, and
4. avoided health impacts
The chart below (Figure 4) shows the source of major costs and benefits, and briefly
summarizes the ideal and alternative methods/data sources identified to help calculate
each. A larger version of this figure is included in Appendix A.
Figure 4: O
 verview of major cost and benefit sources, with ideal and alternative estimation methods

Red shading indicates potential sources of social or economic costs, while blue shading indicates
potential sources of benefits (as do blue outlines, in the case of factors that may provide either).

B. Additional Structural Elements of Cost-Benefit Analysis
i. Forecasting of future trends
It is important to note that the validity of any CBA model related to asbestos is deeply
tied to the uncertain ability of the analysts to predict future trends in asbestos
production and use within the country of interest. Moreover, these values are
particularly important to any attempt to model the link between past trends in
consumption of asbestos in the region of interest and the approximate number of
disease cases likely to be generated as a result of exposure from that consumption
(NCEE & EPA, 2014). Several important market trends or other forecast values feature
prominently in our analysis, though many factors may directly or indirectly change the
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final cost-benefit ratios and net values. These include expected or unexpected
fluctuations in any of the following factors:
● Demand for asbestos and substitutes
● Crude asbestos production, export, and import
● World and regional asbestos prices
● World and regional PCA prices, and prices of substitutes
● Substitute or raw material availability
● Population exposed to asbestos hazards
● Changes in actual worker/consumer exposure (e.g, occupational and
environmental health regulation and enforcement changes)
Forecasting of future trends can either employ stochastic or deterministic models
(Bhaskara Rao, 2010). Stochastic models record some inherent randomness of the
historical data, and are used to forecast future trends that include component variables
changing randomly to reflect this randomness. The output of a deterministic model,
however, is entirely dependent on parameters and initial conditions set by the analyst.
Although almost all trends in the real world change stochastically, it is difficult to fit a
stochastic model to a short time-series in a meaningful way, due to limited data
(Bhaskara Rao, 2010).
Because the types of trends listed above are based on complex factors ranging from
technological advances to geopolitical relations, we consider them highly uncertain.
We model many of them using deterministic growth rates with ranges informed by the
historic trends visible in the data available for our country of interest. All such growth
rates have been incorporated into the sensitivity analysis described in our Results
section.
ii.
Time Horizon and Discounting Philosophy
While there is little standardization on appropriate time horizons for multi-year
economic analyses, the time span of appraisal should be sufficient to capture the
major welfare effects from the relevant policy alternatives (NCEE & EPA, 2014). The
changing present value of a unit of currency spent or received in the future, as the
result of changing opportunity costs from its potential use in other ways, is
incorporated through a process known as discounting. Discounting over the time span
of interest reflects the present value of future benefits and costs from a whole-society
point of view. The use of a discount rate developed through analysis of Social Rate of
Time Preferences (STP) is frequently recommended for use in CBA (Harberger 1972;
NCEE & EPA 2014; Freeman and Groom 2018). STP measures a society’s willingness to
postpone private consumption for the benefit of later consumption.
As might be expected, determining a relative desirability of future versus immediate
value is difficult and controversial, as well as highly context-dependent. A 2008 World
Bank study estimated the social discount rates in nine Latin American countries
(López, 2008). It suggests the use of 4.4% for a time horizon of 25 years; 4.2% for 50
years; and 3.9 for 100 years of appraisal period respectively. Our Colombia case study
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adopts the relevant results of this World Bank report, as it considered the social
development growth rate of each country under analysis.
The sum of all discounted costs and benefits across the time period of analysis is
referred to as the net-present value (NPV) of a forecast scenario. In our reporting and
discussion of results, we present NPVs of our modeled policy relative to our baseline
case.
iii.
Direct vs. Indirect Costs
Ideally, both direct and indirect costs of a policy under analysis should be considered,
in order to paint a complete picture of the social interests at stake. However, limitations
on resources, data availability, time and budget considerations, and methodological
insufficiencies may severely curtail the ability of an analyst to meaningfully assess the
indirect or intangible values associated with a policy. Articulation and evaluation of
relevant types of indirect social costs may inform the evaluation of equity and
distributional impacts of a policy. For example, a policy that has little impact on
whole-country GDP might still devastate a particular community financially; a policy
that might cause a company to shut down might at the same time improve the quality
of life of the families of its workers).
But meaningful valuation of indirect costs for comparison purposes within a CBA may
be extremely difficult to accomplish in practice. Given the highly site-specific nature of
such costs, a generalized methodology may be meaningless. Efforts have been made
by other researchers to evaluate the legitimacy of benefit transfer approaches in such
cases (i.e., using a carefully conducted study of indirect healthcare costs in another
location context, and translating this cost to the context of interest using relevant
conversion factors such as purchasing power parity (PPP), as in Z
 hao, Xie et al. 2013).
For the purposes of this project, however, we ultimately exclude attempts to quantify
such indirect costs -- though we suggest that benefit transfer methods from
high-quality relevant studies could prove valuable to future analysts with the resources
to explore these options.
C.
Valuation of Major Cost and Benefit Components
This section presents the structure of the simplified market model we created to guide
our data search and analysis, followed by discussion of how to approach the valuation
of each of its major components.
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Figure 5 (below): Market Participants and Financial/Risk Flows. Market players are labeled in squares;
costs (both financial and heath) and revenues are shown in ovals. The direction of solid arrows represents
the direction of cost or benefit flow.

i.
Assumed Structure of Financial
Flows
To model both a baseline case and a
full ban policy, we developed
a
simplified market structure related to
asbestos and its substitutes. Figure 5
illustrates the internal relationships
between these major groups, and
presents the costs and revenues
considered by our framework. Our
analysis in the Colombia case study
did not include the components
bounded by dashed line; the reasons
for these exclusions are stated in the
later sections discussing the substitute
product sectors.
ii. Valuation of Asbestos Production
Sector
For countries that have asbestos ore
reserves, the mining of asbestos for
domestic use or export represents a
direct revenue stream that is lost in a
policy scenario which bans domestic
production.
Ideally,
detailed
information related to production
volumes, revenue, and operational
costs could be obtained directly from
the
major
asbestos
producing
companies operating in the region of
interest. Absent the specific financial
details of these operations, however,
an approximation of domestic gross
revenue from crude asbestos may be
made by multiplying annual production
values by estimates of price per ton -if
not
from
reliable domestic
government data sources, then
estimated from international databases
such as UN Comtrade data or USGS
commodity factsheets.
Any information available about the
number and specific size of mines in
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the region of interest can be used to refine estimates of numbers of workers, annual
average wages, and likely overhead to estimate operational losses. Subtracting
estimated revenue from estimated costs should yield a net revenue for the domestic
production sector. Additionally, costs related to closure should be considered to the
extent possible, whether related to known environmental regulatory requirements or to
potential capital recovery through the sale of equipment and site infrastructure
components.
iii.

Products Containing Asbestos (PCA) Manufacturing Sector

Revenue for the products containing asbestos (PCAs) sector comes primarily from
domestic sales and exports. Once an asbestos ban is implemented, this sector would
stop production. This change will bring a loss sector revenues. In our study, we model
the manufacturing of PCAs and their substitutes as two different industries. In reality,
however, many of the major producers of PCAs in Colombia already produce
asbestos-free substitute products as well (Silva Arias 2018). Our model therefore errs
on the side of being conservative with respect to likely impacts to these sectors, as it is
possible that many companies will be able to pivot to asbestos-free production with
relative ease.
The estimation of the impact of a ban on the PCA industry is challenging to quantify
given the diverse applications of PCAs. But a CBA assuming an economy with a
simplified industrial structure may at least help reveal the differences of impact among
representative sub-sectors, as the production and sales of PCA are highly sensitive to
policy scenarios. We model the replacement of PCAs by substitute goods for the most
major in-country asbestos applications by volume; in Colombia, for example, these are
construction supplies, automotive components, and industrial supplies. To further
simply our calculations, we select a representative product for each application (in our
case study below, these are units of asbestos cement, brake pads, and gaskets). We
make the simplifying assumption that these three product types comprise all
manufacturing of PCAs.
iv. Substitute Manufacturing Sector
If asbestos is banned in domestic use, we assume that the markets for substitute
products will expand to meet all baseline demand. Depending on economies of scale
and the differential costs of substitute vs. PCA production, the manufacturers of
substitutes could be the biggest short-term winners in terms of the financial impact of
an asbestos ban. The revenue stream of this sector consists of domestic sales and
exports of substitutes. The major cash outflow of the sector is the production cost
including overhead, labor and regulatory compliance. Due to the economy of scale, the
marginal cost of substitutes may decrease over time, which benefits the producers by
creating a higher profit margin. But this situation may be offset by the market
competition that lowers the sale price of substitutes.
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As mentioned previously, asbestos has a wide variety of potential alternatives, which
complicates analysis of a potential ban. Some major difficulties in the consideration of
substitutes are:
● The substitution rate of consumption of each type of substitute product is hard
to precisely identify;
● Market prices of alternative products vary in each industry application of
asbestos;
● Profit margins and production overhead likely vary across sectors;
● Uncertainties about whether the region of interest has the ability to produce the
raw materials to manufacture PCA substitutes, or must entirely depend on
imports of substitute materials.
To simplify the problem, we start by identifying the major categories of PCA to be
replaced in the region of our study. For each category, if a known asbestos-free
substitute product is not already on the market, we would ideally need to understand
which physical property of asbestos is being substituted. Asbestos is used for its high
heat resistance and low thermal conductivity in construction and automotive industry.
We may need to compare the same properties of the substitutes and PCA to estimate
the effectiveness of the replacement. The relative effectiveness may help estimate the
amount of substitutes required to replace a unit of asbestos. We expect to be able to
estimate the consumption of substitutes based on the ratio for replacement, if given
the future demand of asbestos-containing products and materials.
Sometimes alternative products come in different sizes or strengths compared to
PCAs, and price per equivalent PCA unit may vary significantly. One way to simplify
our analysis is to standardize a unit of PCA and substitute products by area, weight or
other physical properties, and then calculate the unit price.
A ban on asbestos production and manufacturing would shift demand and revenue to
the industry of PCA substitute production. This may have large impact on
national/regional income. If a region can produce all raw material required by
substitutes, and is able to manufacture commercial substitute products and sell it to
consumers, the cost of the ban is largely determined by the comparison between the
increased production overhead to producers and the avoided health cost to exposed
population. In this case, the ban may not heavily impact the regional/national income
because consumers are still buying products produced domestically. However, if the
region must rely on imports of substitutes to meet the domestic demand, the cost of
the ban is largely a comparison of (cost of substitutes imports - production overhead of
asbestos) and avoided health impact. A high global price of asbestos substitutes may
offset the benefits of banning asbestos, and render the ban uneconomical. A reliance
on imports may further weaken the local economy as total regional income is
compromised, and the consumers’ purchase power in other sectors may decline as a
ripple effect.
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v. Health Impacts of Asbestos Use
As is the case with attempts to assign monetary values to many “social goods”
(Arvidson, Lyon, et al. 2013), the economic valuation of human health impacts and
mortality is a controversial topic. Monetization of health impacts is typically rooted in
an analysis of real-world financial values such as lost income potential, which does not
always capture a “value” to account for all real-world difficulties posed by illness (such
as physical suffering, psychological anguish, burdens imposed on caretakers, and
other indirect costs to quality of life). When discussing mortality, the ethical questions
raised by valuation become even more fraught. A VSL, for example, represents an
empirically or hedonically determined willingness to pay to avoid specific quantified
impacts to quality of life or disease outcomes -- which is then extrapolated and
reported in terms of a value per total lives lost. But making broad statements about the
“value of a life” in monetary terms can muddy this distinction, as the word “value”
carries many meanings among different audiences, and the economic meaning is often
lost as a result (Cameron 2010).
This is especially true when such values are discussed in a public setting where
participants may not have the background in economics to distinguish between the
idea of an estimated economic impact value and the many other types of “value”
arising from cultural norms and expectations around the importance and sanctity of
preserving life -- particularly when these indirect values are not included in the
estimation attempt in any way. This has been demonstrated in the past by instances of
public outcry over proposed changes in VSL values for US citizens of varying ages in
certain EPA impact analyses. In one famous example (Dockins, Maguire, et al. 2018),
the EPA proposed using a lower VSL to represent potential lost lives of older citizens,
in an effort to account for the fact that this group would by definition be expected to
live for fewer additional years than younger people. What likely initially appeared to a
team of economists to be a reasonable reflection of the idea that the loss of the
remaining average lifespan of an elderly person would have less of an economic
impact than, say, that a young child with decades of income-earning years ahead of
them, was taken by some sectors of the public as a statement that the lives of elderly
citizens were less important or inherently “worth less” than the lives of younger,
healthier others. The change was protested accordingly and ultimately not
implemented.
The same type of question arises when one considers the fact that VSLs may vary
significantly from nation to nation, as they are derived from factors related to the local
economy. However, on a surface level, it is difficult to escape the implications of the
typical result of this practice: that a lower VSL will be calculated for lower-income
nations, which implies that the lives of low-income countries are less valuable than
those of wealthier nations. Furthermore, it is argued by some (as reviewed in Frank
2000) that reducing the value of lives to a currency amount is inherently unethical, as it
creates the false impression that a life is only worth what one might be “willing” (and
therefore, “able”) to pay to save it. This ultimately masks the up-close reality that many
people might do or pay anything within their power to save the life of a beloved family
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member -- or at least, would consider the value of that life something that can’t be put
into monetary terms.
However, a counterargument to this idea is that values which aren’t quantified aren’t
easily counted. A growing number of countries around the world rely on CBA as part of
the decision making process for implementing new regulations, as part of a structured
analysis of the likely outcomes of spending public resources. In light of the value of
CBA itself, monetization of values once considered intangible provides an opportunity
to ensure that these values do not get lost entirely. But appropriate scrutiny should be
applied in the interpretation of CBA results to avoid the false perception that CBAs
capture precise values for all factors that should be taken into consideration by
decision makers.
Valuation of Direct Asbestos-related Health Impacts
Exposure to asbestos will have negative health impacts on workers and consumers by
increasing the risk of developing asbestos-related diseases; this improvement of health
conditions compared with the baseline scenario is considered in this CBA framework
as a type of benefit (i.e., a reduction in cost from the baseline). A health impacts
valuation in the context of CBA usually contains two steps (Brazier, John, et al. 2017).
The first step is to estimate the effectiveness of the proposed policy in standardized
terms of avoided health impacts. The second step is to monetize these avoided health
impacts to make them directly comparable to other costs and benefits in the CBA.
The most widely-used methods for the first step are calculating expected changes of
mortality and morbidity or expected changes of disability-adjusted life year (DALY) as
a result of the proposed policy. One DALY is defined as one lost year of healthy life for
a person (Donev, Doncho, et al. 2010). Estimates of lost DALYs include both Years of
Life Lost (YLL) due to early death and Years Lost due to Disability (YLD) “for people
living with detrimental or disabling health conditions” (Murray and Acharya, 1997). The
sum of DALYs across the stakeholders impacted by the policy should represent the
total avoided disease burden.
To monetize this health projection, the concepts of the cost of illness (COI), the value
of statistical life (VSL) and the value of statistical life year (VSLY) are commonly used.
COI and VSL are typically used to monetize the health impacts if we know the avoided
health impacts in terms of mortality and morbidity (Hutton, G., et al. 2007). The use of
VSLY is preferable, however, if the avoided health burden is quantified by DALYs,
which are considered more accurate and precise than numbers of deaths (Alkire,
Blake, et al. 2011). Researchers should consider both methods to estimate health
impact depending on available data.
VSL is a key parameter to monetize the largest benefits associated with the
risk-reduction efforts (Cropper, Hammitt, and Robinson, 2011; W. Kip Viscusi and
Clayton J. Masterman, 2017). In most regulatory studies, estimation of VSL relies on
people’s willingness to pay (WTP) for proposed regulatory benefits. The rationale
behind this is that beneficiaries ultimately pay fees to obtain regulatory protections
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through taxation. Methods to estimate VSL may be costly, as they require intensive
surveys or detailed employment data. The countries lacking those data may not report
their VSL as precisely as the countries with more complete data.
One method to deal with this issue is to estimate VSL by benefits transfer (Bergstrom,
et al, 2006). This approach adjusts a base U.S. VSL by international income elasticity of
the VSL and the relative incomes of the U.S. and country of analysis to approximate a
country’s VSL. Using this method, Viscusi and Masterman’s published the estimated
VSLs for 189 countries and compared them with numbers published by World Bank. It
is important to state the necessary assumptions of the estimation, especially when a
CBA is considering using VSLs from several related studies. The analysts should
consider their relative weights and justify the adaptability of those VSLs in the research
of interest.
Similarly, VSLY is used for assigning monetary value for DALYs (Alkire, Blake, et al.
2011). VSLY is derived directly from VSL, and is calculated by dividing VSL by the
standard life expectancy in the country of interest (Alberini, Anna, et al. 2004). As
compared with VSL, the use of VSLY can appropriately discount health impacts among
older people with shorter remaining lifetimes (Narain, Urvashi, and Chris Sall. 2016).
For the conceptual framework, the valuation of health impacts will be based on the
DALYs or changes of mortality and morbidity of different ARDs depending on data
availability. Detailed calculations are described in APPENDIX E and F.
Lagged Benefit Structure of a Curtailed Asbestos-Related Disease Burden
A primary challenge of projecting the health and social outcomes of asbestos policy is
posed by the long and uncertain lag between exposure to asbestos and various
potential health outcomes. Studies analyzing the relationship between asbestos health
effects and asbestos exposure show a variable but significant latency period between
exposure and asbestos-related disease endpoints (Selikoff et al.1980). Additionally,
symptoms of some asbestos-related diseases are difficult to detect in their early
stages (Selikoff et al.1980).
Table 4: Estimated values of average mesothelioma latency periods from various studies

Study

Region

Estimated Latency Period

Marinaccio et al., 2007

Italy

45 years (average)

Lin, Ro-Ting, et al., 2007

Britain

23 years (median)

CCOHS, 2012

Canada

30-40 years (average)

Marsili, et al., 2016

Lat. America

34 years (average)

Other ARDs show a similar latency period following asbestos exposure. However, this
lag may be caused by multiple factors in these cases, as unlike mesothelioma
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exposure to asbestos is not the only known causative factor for ARDs such as lung
cancer (Finkelstein, M. M. 1985). Figure 6 below illustrates the qualitative relationship
between changing asbestos use in a region of interest and the likely appearance of
asbestos-related illnesses.
Figure 6: Q
 ualitative illustration of latency between population-wide asbestos exposure and ARDs

Qualitative illustration of latency period between regional asbestos consumption (shown in blue) and
regional asbestos-related disease linked to previous exposure (shown in red).

The lag period between exposure and ARD has been estimated to range from 20 to 40
years (IARC 2012). Using an international data set of 1960s consumption and
subsequent asbestos-related disease reporting, the average lag was estimated to be
37.5 years by Park, Takahashi et. al (2007). The smoothness of the curve in Figure 6
does not show the impact of any additionally difficulties in identifying ARD symptoms,
nor challenges in formal diagnosis and reporting of such symptoms as
asbestos-related (such as those described in Park et. al 2011).
The uniformity of these curves may also create the false impression that national
consumption and exposure are perfectly correlated, when in fact a range of factors
related to occupational hygiene and industrial use patterns muddy this relationship in
real-world data. Asbestos-related health effects are not evenly distributed across a
national population; they are concentrated among those working coming into direct
contact with asbestos through work or environmental exposures.
It should be noted that while global asbestos use peaked in 1980, global mesothelioma
cases are still continuing to increase as of 2018 (Furuya et. al, 2018), though this could
be also due in part to improvements in diagnosis and reporting. This reflects the fact
that since a significant lag exists between asbestos exposure and illness appearance,
even a perfectly-enforced asbestos ban that immediately reduced all new asbestos
uses would not prevent the appearance of all future ARDs.
Rather, the immediate prohibition of asbestos would reduce the total number of future
cases by an amount correlated to the future exposure prevented by the ban. This
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relationship is qualitatively illustrated in Figure 7 below, in which two shaded areas
respectively represent the curtailed amount of asbestos use from the time of a ban,
and the avoided number of disease cases spread over a lagged future time range.
These “avoided disease impacts”, and the healthcare and social costs that would have
been associated with them, represent the primary benefits of an asbestos ban, and are
what we seek to quantify and monetize.
Figure 7: Hypothetical impact of an asbestos ban on future health impacts.

Shaded areas represent cumulative annual values over time for avoided population-level asbestos
consumption (blue) and ARD diagnoses avoided due to reduced asbestos exposure.

Because of this temporal dislocation between upfront costs of a ban and its long term
benefits, we base the bulk of our benefit calculations on a valuation of the estimated
number of future disease instances (measured in either daily adjusted life-years
(DALYs) or in total deaths, as described in subsequent sections) prevented by a set
time period of asbestos exposure reduction, rather than on the benefits accrued only
within the same 30-year period in which the cost of banning asbestos are considered.
These potential benefits exist further forward into the future than the direct financial
impacts calculated as the bulk of the CBA. They are included, though discounted
according to their expected year of manifestation.
Forecasting disease from past consumption
Due to the latency between asbestos exposure and the occurrence of health impacts,
the present-day level of health impacts is not a function of present-day asbestos
exposure potential across the population. Therefore, if a decision maker wants to
analyze the impact of an asbestos ban, it is necessary to forecast the baseline
expectations of health outcomes already “locked in” by past asbestos consumption.
Forecasting of additional cases likely to be caused by additional use in the absence of
a ban can then be used to compare the likely number of disease cases that would be
avoided through ban implementation. However, this forecasting involves major
uncertainties, and should be considered accordingly.
Recent studies such as Murayama, Takahashi et al. (2006) and Algranti, Saito et al.
(2015) explore the use of OLS regression and Poisson regression respectively to model
past national consumption and future ARD burden for minor forecasting purposes.
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While the assumptions required for these kinds of regression models to precisely and
accurately forecast future disease cases may not hold due to data scarcity or quality
issues, the expansion of this method to a longer time period provides a basis for
approximating a set of health impact values that would otherwise be impossible to
model.
Therefore, to provide some grounded basis for comparison of future health impacts
under various policy scenarios, we regress ARD incidence on appropriately lagged
national consumption data to generate a regression coefficient for estimating the
relationship between national asbestos consumption and future disease impacts. There
are many potential independent variables that could help improve the fit of such a
model, but examples of such regressions in the literature tend to use only past
consumption as an independent variable [e.g., Lin et al., 2007]. However, as work in
this area expands, direct or indirect measures of occupational health and safety, and
regulatory enforcement might be worth exploring as additional independent variables
to include.
Depending on the quality and type of data available in the region of interest, the final
specification and form of the regression equation might vary. Additional health impacts
could be approximated from this kind of model of single disease impacts through use
of multiplier ratios (namely, literature-derived estimates that one case of mesothelioma
likely corresponds on average to a certain number of other asbestos-related cancers in
a population of interest, such as those reviewed by Furaya et al. (2018, Table 2)).
vi.
Administrative burden
Administrative costs mainly come from two sources: government and regulated
industries. Government need to invest monetary effort to supervise asbestos-related
industries, as well as lead agencies at every level to collaborate together. For
industries, they also need to manage themselves to obey the asbestos-ban policy,
which induces both monetary and labor costs. A meaningful analysis of administrative
burdens in a region of interest would require detailed knowledge of the relevant
regulatory and enforcement processes in the region, as well as likely cost associated
with every step of reporting and inspection on the part of involved companies.
However, the Canadian regulatory study from which the logic model for our framework
is adapted ultimately found that these costs accounted for below 5% of total costs in
the system under consideration (Government of Canada, 2018). Given the small size of
this value in comparison to expected costs and benefits from other sectors, and in the
absence of detailed real-world data, we assume this burden will be small, and model it
using a small multiplier on total costs (on the order of 5% or below) to conservatively
represent this additional burden on economic actors from reporting and compliance.
IV. COLOMBIA CASE STUDY
As noted in previous sections, Colombia is both a producer and consumer of asbestos.
Around 233 cases of mesothelioma were reported to the Colombian government’s
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SISPRO database between 2009 and June of 2017 (Silva Arias 2018), though this
number is likely an underreporting. Currently, momentum exists in several sectors of
Colombian society to develop a ban. We model such a ban’s economic and social
impact on Colombia’s population and economy and identify relevant limitations.
A.
Data Collection
Data on asbestos production, trade, and use in Colombia was compiled by (Silva Arias,
2018), as well as from USGS Mineral Yearbooks. Disease impact data was compiled
from both the Colombian Ministry of Health by Silva Arias (2018) and from the WHO. A
survey of consumer price data of PCAs and corresponding substitute products were
compiled by Arias, Cruz, et al. (2018).
Information on production of crude asbestos and PCAs in Colombia were obtained
preferentially first from publicly available Colombian sources, including government
data and news reports; when critical information was not available, reasonable
approximations were made using either other information on the Colombian asbestos
market or product specifications from other countries, as detailed and documented
below and in Appendix H.
B.
Major CBA components
CBA can be used to approximate the economic impacts of a ban policy from the
perspective of the entire economy. To accomplish this, we first develop a simplified
model the essential market components directly related to the production and uses of
asbestos. There are four major sectors in our simplified model: The mining industry of
crude asbestos, the manufacturing sector which produces PCA and asbestos-free
substitutes, end-consumers who pay for these products, and the government who
implements the ban.
We conducted economic valuation for each sector, and then monetize the health
impact of the ban for the entire impacted population. Conceptual approaches for each
sector are described below.
i. Crude Asbestos Production Sector

Basic structure of production calculations
Annual production of crude asbestos was modeled based on a growth rate applied to
historic production values and capped by production estimates provided during the
marketing of the Las Brisas mine (1500 tons/month =18,000 tons/year). As Colombian
domestic crude production has never previously reached this value, we treat this
extraction rate as an upper limit of possible production.
Production sector values were estimated as a function of total tons produced, either
for apparent domestic consumption or for export. Approximate net revenue values
were derived as total production tonnage times a world price derived from UN
Comtrade database trade value data for Colombia in 2017. Labor costs were estimated
based on reports of the number of jobs created by the Las Brisas mine from local news
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reporting during the 2013 sale of the site (Semana 2013, Rojas 2012). An estimate of
average Colombian miner salary was used to represent a standard annual wage per
worker, estimated from the Economic Research Institute’s salary estimation database.
Production overhead was modeled as labor costs plus an additional multiplier
representing sunk capital and consumables; this was estimated based on the gross
revenue margin for the mining sector collected by NYU Stern School of Business
(2019). Labor and overhead costs were scaled up or down annually based on
production growth assumptions.
Finally, we include an approximation of capital costs potentially recovered by the
operating company, discounted either to the end of the 30-year analytical period, or to
the start of the 30 year period in scenarios banning domestic crude production. This is
a limited estimate based on the sales information promoted during the 2012 sales
documentation, and accounts only for potentially scrapable iron infrastructure (7,000
tons). Other equipment on site may or may not have significant resale value, given wear
conditions and demand for asbestos mining equipment at the future time point in
question.
Major simplifying assumptions
Because the Las Brisas mine is the only operational asbestos mine in Colombia, we
consider it as the sole source of production. While we were unable to obtain detailed
information about the mine’s operations and revenue (or costs incurred by its previous
2011 shutdown, which might be valuable if available to a future analyst), we were able
to develop some reasonable assumptions about the mine’s output and structure based
on Colombian local and business news coverage of the sale of the mine between its
2011 shutdown and 2013 resumption of production.
Potential mining outputs were estimated based on productivity projections offered by
the selling entity in public press statements in 2012 (BNAmericas 2012). However, the
rate of projected production was significantly higher than past rates of production
recorded by USGS and Colombian national data sets. Consequently, we consider this
output level to be an optimistic maximum estimate of production capacity, and cap
annual production at this level in projecting future production growth increases. A time
series analysis of past production data was used to inform the selection of simple
exponential growth factors, which were also varied as part of sensitivity analysis.
Capital reclamation costs were difficult to estimate given the lack of detailed
information publicly available about the Las Brisas mine or its assets. The information
promoted in the Colombian press during 2012 marketing attempts included an
estimate that 7000 tons of iron infrastructure were present at the site, along with other
mining and refining equipment. It is difficult to predict the resale value of equipment
specific to the mining and refining of a mineral that is banned in many of Colombia’s
neighboring countries (particularly given that the mine has been in operation since the
1970s, meaning that much of this equipment may be obsolete compared to newer
available options).
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However, we take the estimated tonnage of iron as an indicator to potential investors
of on-site capital value that could be recovered following the end of mining operations.
As such, we use this number (multiplied by the price of unprepared iron scrap) as a
stand-in for more detailed recovery costs (as the potential resale values and
labor/transport costs cannot be meaningfully estimated with the information currently
available to us). We discount this value as appropriate depending on the likely end date
of production (either at the start of the policy, or at the end of the 30-year time period).
We do not, however, include estimated costs of labor or transportation for
accomplishing this sale.
Simplifying assumptions in the calculation of each of these annual components include
the linear scaling of non-wage overhead to wages, as well as the linear scaling of all
overhead to changes in projected production.
ii. Manufacturing Sector
Structure of substitution calculations
The two major stakeholders considered to be part of the manufacturing sector are the
PCA industry and Substitutes industry. Revenue of each industry is determined by the
units of sales multiplied with unit prices.
Cost of PCA manufacturing includes the cost of the direct material used in the
production, manufacturing overhead and labor expenses. Our calculation estimated
the cost of crude asbestos purchased as the main material expenses, and introduced a
ratio of operating cost (which includes overhead and labor expenses) over revenue as a
variable. For substitutes, the raw materials of production varies across products and
sector types; we generated the likely cost as an estimated cost-to-income ratio. The
estimations of those ratios referred to the gross profit margins of three industries in
U.S. - Construction Supplies, Auto Parts, Construction/Engineering; data collected by
NYU Stern School of Business (NYU, 2019). Additional major calculations are included
in Appendix E.
Major trends and scenario assumptions
Our model does not consider the storage of products in any scenario -- thus, all
production is assumed to be sold out in each year of analysis, with no allowances
made for price changes triggered by reduced demand. The source of crude asbestos
consumed by PCA industry is considered to be either from domestic mining or import.
From historical consumption data, we estimated a realistic range of domestic asbestos
consumption depending on a group of adjustable growth rates associated with
asbestos Production, Export and Import tonnage. For each section, the ranges of
growth rate are bounded by the maximum and minimum rate of change in 2009-2017.
We assume that the amount (in tons) of Consumption and Export equals the total of
Production and Import. For crude asbestos, the domestic consumption is calculated
as:
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Consumption = Production + Import - Export
Since we do not have a detailed asbestos manufacturing profile for Colombia, we
pictured a simple PCA industry only producing cement, braking pad linings and
gaskets. The reason why we chose those three products is because they are the top
exported PCAs in Colombia. As only the export share of each product type were
available, and not domestic purchase volumes, we assumed the domestic market
share of cement, braking pads and gasket-like products follow the same percentages.
The market percentages of each product and the total crude asbestos consumption in
the country suggested the amount of asbestos consumed by each type of products.
The weight percentages of asbestos vary across PCAs; however, our data on crude
asbestos consumption and exported PCAs/substitute goods was reported only by
weight, not by unit. A 1988 report commissioned by the EPA (ICF Inc. 1988) detailed
the by-weight percentage of asbestos in some common PCAs. From information
included in this report, we assumed that asbestos takes up around 20% in cement,
and 60% in friction materials such as braking pads and gaskets. Combining the
average weight of each product and the weight percentages of asbestos in those
products, we estimated the quantities of production for those three PCAs. One
example of PCA quantity calculation is as below:
-

Quantity of Asbestos-Cement Produced = (Total Consumption of Asbestos *
Market share of asbesto cement)/(average weight of a 120cmX90cm cement*
weight percentage)

We assumed a fixed market share of each PCA type and same weight of a certain size
PCA over the evaluated time horizon. Market share of each product category is listed
as a variable in out model. The range of each is bounded by the historical variation in
2009-2017.
In our market simulation, the total demand of substitute and PCA stays at the historical
maximum level for each product category (construction, automotive, other friction
materials). Substitutes replace PCA on a 1 to 1 ratio.
-

Quantity of Substitute + Quantity of PCA = Historical Maximum of PCA2009-2017

Historical PCA trade data suggested the quantity of PCA Import is far less than the
PCA Export, so our model does not consider the Import of PCA. Assuming all domestic
production is sold, the revenue stream for this sector comes from domestic and export
market volumes, multiplied by price. We specified a rate of change product exportation
in each category based on data from 2009-2017. The remaining production is assumed
to be sold in Colombia in our baseline case. Our model does not consider the export
and import of Substitute materials due to lack of data on these broader markets.
The prices of PCA and substitutes were derived from the results of an informal market
survey provided by students in Dr. Ramos-Bonilla’s lab group. Because prices vary
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across different brands and sizes, we chose the average price of a standardized
specification for each product category. The product prices of substitutes are generally
$ 200.00 - $ 1790.00 COP higher than the equivalent PCA (around $0.06-$0.57 USD
difference per unit).
iii.
Health Valuation
Due to the limitation of disease data sources including death number, death age and
the attribution factor for most kinds of ARDs, we were only able to analyze the
quantitative relationship of the health impacts resulted from mesothelioma and its
related factors.
The database of the World Health Organization (WHO) includes the annual DALYs of
mesothelioma in Colombia but the database only recorded 4 years of data under this
category. From WHO’s DALY data, we found that the YLD was almost negligible
compared to YLL. Consequently, if we assume the YLD is negligible, we can obtain the
DALY of mesothelioma only using the result of our regression model combined with
other common parameters. This result also means that the health ending point of
morbidity is negligible compared to mortality for mesothelioma. It is worth noting that
this assumption of fast mortality likely does not hold true for all modeled ARDs; this is a
limitation of our modeling approach.
We chose Stata as the analytical tool, set the latency period as 35 years, used DALY
and number of deaths as the alternative dependent variables, set historical asbestos
consumption per capita, life expectancy, GDP per capita as the optional independent
variables. Initially, we found that historical life expectancy and GDP per capita are
positively correlated with the health impact variables. This seemed counterintuitive,
though these variables were not statistically significant (P>.1). In light of the fact that
several peer-reviewed publications attempting to model the relationship between past
consumption and later mesothelioma cases use only the consumption measure in their
regressions to predict future health outcomes (Lin, Ro-Ting, et al. 2007, Kim, Su-Young
et al. 2016), these two non-significant independent variables were dropped from our
model. However, the removal of these conceptually relevant variables could be
introducing omitted variable bias into our model, potentially inflating our relevant
remaining coefficient.
Based on the independent variable of consumption per capita, we generated linear
regressions of both DALYs and number of deaths for comparison purposes.
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Figure 8: Historical Colombian Asbestos Consumption and Delayed Mesothelioma Cases

Historical Asbestos Consumption during 1962-1980 (right Y axis) and Mesothelioma Health Impacts
during 1997-2015, Colombia (from USGS and WHO data). Deaths during this period are marked in blue
(right Y axis); DALYs are marked in green (left Y axis). Note that consumption data from the USGS is
interpolated from 10- and 5-year snapshots during this era, as explained above.

Table 5 below presents the coefficient results from several version of the regression
that were run, using subsets of asbestos consumption per capita (AC), life expectancy
(LE, as a proxy for healthcare quality), and GDP per capita (GDP).
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Table 5: H
 ealth Parameters Comparison of Different Regression Models

Health Impacts
(Dependent Variable)

Related Factors
(Independent Variables)
AC

LE

Regression
Parameters

_cons

AC,
LE,
GDP

Log10
(Deaths)

Log10
(Deaths)

AC,
LE

AC

Log10
(DALY)

AC,
LE,
GDP

Log10
(DALY)

Log10
(DALY)

AC,
LE

AC

Coef

0.244

0.253

0.976

0.226

0.368

0.682

P value

0.393

0.232

0

0.507

0.157

0

0.0467 0.0455

NA

0.0395 0.0197

NA

Coef
P value

GDP

Log10
(Deaths)

0.108

0.001

NA

0.246

0.141

NA

-1.01E-06

NA

NA

-1.60E-05

NA

NA

P value

0.961

NA

NA

0.519

NA

NA

Coef

-1.400

-1.334

0.954

0.523

1.569

2.560

P value

0.344

0.024

0

0.765

0.028

0

0.846

0.846

0.665

0.623

0.612

0.554

Coef

R-squared

* Regression model: log10(Dependent Variable)=β(i)*Independent Variable(i) + _cons

As can be seen in Table 5, the regression of number of deaths and consumption per
capita has a higher r-squared, which suggests it can better explain the variation of the
dependent variable. Therefore, we used this regression model to forecast future
mesothelioma health impacts.
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Figure 9: Regression of ARDs Deaths Based on Asbestos Consumption

Due to data availability, this case study includes projected estimates only for
mesothelioma, lung cancer and asbestosis, and uses death ratios between
mesothelioma and other ARDs to forecast the non-mesothelioma impacts. Besides, the
impact of morbidity for these types of ARDs are excluded from the model owing to the
data limitation. The methods of this calculation are as follows :
Deaths i = D meso ×R i, meso
Deaths i : N umber of Deaths of Asbestos − Related Disease "i"
D meso : N umber of Deaths of M esothelioma
R i, meso : Death number Ratio of ARD i to M esothelioma
After forecasting number of deaths for ARDs, we use VSL to monetize the total deaths
and eventually obtain the monetary value of the health impacts due to the asbestos
ban in Colombia. Since future asbestos consumption will vary between scenarios, the
outcome of the health impacts may also be different under each scenarios.
It is important to note that we assume consuming asbestos substitutes is not going to
produce any human health impacts, which means there will be no deaths/DALYs
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produced by using asbestos substitutes. However, it is possible that some asbestos
substitutes could cause health impacts which are not considered in this analysis.
C. Definition of Modeled Policy Changes and Market Scenarios
i. Baseline vs. Modeled Policy

The Colombia case study considers a baseline case (status quo) in comparison to a
total ban on all import, export, and use of asbestos. Table 6 shows these two
alternatives in comparison to one another in terms of sectors or activities considered
under each case.
Table 6: E
 conomic sectors or activities modeled for each of the two policy alternatives.

Scenarios

Crude
Production

Crude
Export

Domestic
Crude
Sales

PCA
Manufacturing

PCA
Export

Domestic
PCA Sales

X

X

X

X

X

X

Baseline
(Status quo)
Full Ban

Green fill indicates continuation, and an X indicates that the policy would force a stop on these sectors.

ii. Three Market Scenarios
Whole-country domestic consumption of crude asbestos is calculated by the USGS
and other databases as the difference between imports, production, and exports. For
this reason, our modeling of future trends regarding consumption followed the same
structure. That is: annual production, import, and export tonnage were forecast by
applying growth rates to values derived from historic trends, and consumption was
calculated from these values as the net inflow of crude asbestos into Colombia (not
treated as a separate variable with its own growth rate). Consequently, our model
treats consumer demand in Colombia as an endogenous force subject only to
availability of asbestos and external demand.
Asbestos consumption, however, is arguably the most critical variable in our analysis -driving the magnitude of modeled health impacts and of impacts to industry. To assess
its importance to the likely value of a ban, we report the NPV of each policy under 3
different “market scenarios”. These scenarios are created by fixing the growth rates of
production, imports, exports, and asbestos price to reflect a specific trend in regional
or global demand for crude asbestos. The market scenarios themselves are briefly
described below.
● Business as Usual (BAU): In this scenario, we assume that annual crude
asbestos production, import and export all follow the trends seen in the most
recent three years of data. We assume world price of asbestos grows at rates
similar to recent inflation trends.
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● High World Price Scenario (Regional Demand Rises): In 2017, Brazil’s high
court ruled that production of asbestos must cease. In this scenario, we assume
that regional asbestos prices rise in part due to the reduction in supply from
Brazil’s cessation. We assume Colombian producers will attempt to fill some
part of the void left by Brazil by increasing production and exports, driven in part
due to the increase in price. The model also assumes higher domestic
consumption of asbestos in the baseline case compared to the BAU scenario.
We fix the domestic production at the high end of our growth rate estimates,
and set imports at the lowest growth rate derived from data over the past 9
years. Price is set to rise at the upper bound of the inflation range. Export grows
at 20% each year.
● Low World Price Scenario (Global Demand Falls): In this scenario, we assume
that both world and domestic asbestos markets are weakening due to a global
shift in demand for asbestos, driven by increasing awareness of the health
impacts of exposure. Therefore, we model a decline in production, imports, and
exports in the baseline case. Lower demand is also assumed to cause a
decrease in market price.
D. Colombia CBA Modeling Outcomes: 30-Year Net Benefit Calculations
The modeled net present value (NPV) of a total asbestos ban across our three market
scenarios over a 30-year implementation period are reported in Table 7 below.
Table 7: Net Present Value of Ban under Different Market Scenarios (USD)

Business as Usual

High World Price

Low World Price

$211M

$158M

$215M

(BAU)

Net Present Value
of Total Ban

(HWP)

(LWP)

Our model shows that a ban on asbestos will likely provide an economic benefit under
all modeled market scenarios. Figure 10 below shows the breakdown of costs and
savings for a total ban on asbestos, grouped under each of the three market scenarios.
The magnitude of net benefits is shown to the right of the dividing center line, while net
costs appear to the left.
The breakdown of costs and benefits generated for the ban policy under each modeled
market scenario are summarized in Figure 10 and Table 8, both below. Included are the
percentage of costs or benefits represented by each absolute value, as well as the total
(absolute) value of changes caused by the policy under each market scenario.
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Figure 10: Components of NPV in All Three Market Scenarios.

Health savings are shown in green; total NPV of the policy under each market case is shown in pink.
Numerical values for each market component shown here are listed in T
 able 8 below.

E. Discussion of Modeling Outcomes and Implications
i. Comparison among Market Scenarios
Table 8 shows that the magnitude of the ban policy’s NPV under the BAU scenario is
more similar to that under LWP than to HWP. This is because the BAU and LWP
scenarios are relatively similar to one another in that each includes a downward trend
of domestic asbestos demand. The HWP scenario, on the other hand, involves growing
regional or national demand in the baseline case. As a result, the baseline case for the
HWP scenario also involves a relatively high quantity of mined asbestos and PCAs
produced, which result in larger relative financial losses under the modeled ban policy.
For this reason, this scenario has a relatively low NPV compared to the other two,
caused primarily by the revenue losses to these sectors. However, this scenario also
involves the highest number of avoided deaths due to ARDs, as discussed below.
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Table 8: Breakdown of Cost and Benefits of the Ban
Scenario →

Business As Usual

High World Price

Low World Price

Modeled Sector
↓

Magnitude of
Change due
to Ban

% of
Costs or
Benefits

Magnitude of
Change due to
Ban

% of
Costs or
Benefits

Magnitude
of Change
due to Ban

% of
Costs or
Benefits

Administrative

-$4,962,578

1.57%

-$22,067,493

1.47%

-$1,437,713

2.35%

-$198,077,01
8

62.62%

-$975,236,808

64.97%

-$26,971,445

44.05%

Consumers
PCA
Manufacturing

-$104,854,62
9

33.15%

-$348,984,422

23.25%

-$31,630,346

51.66%

Production/
Mining

-$8,446,236

2.67%

-$154,839,627

10.31%

-$1,194,149

1.95%

-$316,340,46
1

(100%)

-$1,501,128,350

(100%)

-$61,233,653

(100%)

Total Costs
Health Impacts

$251,430,016

47.65%

$317,217,391

19.12%

$237,685,856

86.10%

Substitute
Manufacturing

$276,186,955

52.35%

$1,341,836,403

80.88%

$38,369,547

13.90%

Total Benefits

$527,616,971

(100%)

$1,659,053,794

(100%)

$276,055,403

(100%)

Net Present Value

$211,276,510

NA

$157,925,444

NA

$214,821,750

NA

Absolute Value of
Modeled Changes

$843,957,432

NA

$3,160,182,144

NA

$337,289,056

NA

ii. Relative Magnitude of Impacts to Modeled Sectors
As can be seen in Table 8 above, the proportion of policy costs represented by
changes in output and sales for the various asbestos industrial sectors is not evenly
distributed between mining and manufacturing. Losses to the production sector are
modeled as accounting for between around 2% and 10% of total costs incurred by a
ban, regardless of market scenario. Losses to the PCA manufacturing sector account
for between 23% and 52% of total costs. However, these losses to PCA manufacturers
are offset by benefits to the substitute manufacturing industry; the fact that many of
today’s PCA producing companies are already producing asbestos-free substitutes
implies that these offset values may not actually be experienced by the relevant
companies. Rather, most Colombian PCA manufacturers may be able to switch
production to substitutes with relatively little financial impact.
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iii. Health effectiveness of different scenarios
Because banning asbestos is done with the improvement of public health as a goal, we
also report the number of projected deaths avoided by the ban policy under each
market scenario. We take the number of deaths from ARDs of the baseline scenario as
a background value, and calculate relative avoided deaths as a result of the total ban
to represent the health effectiveness of different scenarios. BAU and LWP has the
similar degree of health effectiveness. The higher health effectiveness in HWP is
primarily driven by the larger quantity of avoided asbestos use, as the HWP baseline
scenario involves higher domestic consumption of asbestos and therefore a larger
amount avoided by a ban.
Table 9: Avoided ARD Deaths Forecast Across Market Scenarios

Market Scenario

Avoided
Deaths
Forecast

BAU

LWP

HWP

1480.66

1399.72

1868.08

Values reported as cumulative avoided ARD deaths resulting from 30 years of policy implementation as
projected through the methods described above.

iv. Sensitivity Analysis
Additional detailed sensitivity analysis was conducted using Crystal Ball, a software
module compatible with Microsoft Excel. The policy option were assessed across a
range of variables to establish which model parameters hold the most influence over
final NPV outcomes. Monte Carlo simulation was used to examine the distribution of
likely values under each market scenario model based on the likely ranges selected for
all parameters under triangular probability distributions.
Tornado Chart Analysis

Figures 11 through 13 below show “Tornado Charts,” identifying the scale of influence
of the top 3 most influential parameters under each market scenario. A table of all
analyzed model parameters, their use values, ranges selected for sensitivity analysis,
and the source or derivation of these ranges, is included in Appendix G.
Figure 11: Sensitivity Analysis (Tornado Chart) of NPV for BAU
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Figure 12: Sensitivity Analysis (Tornado Chart) of NPV for HWP Scenario

Figure 13: Sensitivity Analysis (Tornado Chart) of NPV for LWP Scenario

In the BAU and LWP market scenarios (as shown in Figure 11 and 13), the most
sensitive parameter for the total ban is VSL. Under both circumstances, the health
benefits from avoided disease takes up a large share of the policy NPV (and
approximately 48 and 86 percent of total policy benefits, respectively).
As
monetization of avoided health cost is centrally related to the magnitude of VSL, this
parameter becomes a driving factor for the policy NPV. In the HWP scenario (Figure
13), the most sensitive parameter is substitute production cost/revenue ratio. As the
price of asbestos becomes higher (likely reflecting an increase in demand for PCAs),
the increased potential for profits for companies replacing asbestos with substitutes
become substantial, and is limited by the profit margin of the substitute producing
companies.
The second most sensitive parameter in LWP scenario is lung cancer latency. This
latency parameter directly affects health benefits, as the longer lung cancer latency is,
the lower the monetized health benefits of avoided disease will be, due to discounting.
The third most sensitive factor in all three market scenarios is PCA Labor Costs in Total
Revenue, which relates again to the profit potential of substitute manufacturers (the
significance of which is discussed above).
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Monte Carlo Analysis
Probability distributions of NPVs for the total ban were generated using 1,000-run
Monte Carlo simulation in Crystal Ball. For each scenario-case combination,
parameters for crude price, production, imports, and exports were set as fixed values;
the same variable ranges defined for the Tornado Chart analyses were used for all
other parameters. Figures 14 shows the distribution generated of the policy across all
three consumption cases. The height and shape of these distributions reflect
uncertainty in the modeling outcomes for each case based on the likely ranges of
important parameters (see Appendix H).
Figure 14. Comparison of Probability Distributions of NPV under Three Market Scenarios

v. VSL vs. VSLY

While estimating DALYs lost due to asbestos consumption would provide a more
precise estimate of the potential prevention of direct health impacts from
implementation of an asbestos ban, the available data for Colombia appears to provide
a much clearer correlation between consumption and deaths due to mesothelioma
than due to DALYs. Consequently, we chose to model disease impacts with a
regression using number of deaths as our dependent variable, rather than DALYs. In
this case, the use of VSL rather than VSLY to estimate direct health impacts would be
indicated.
For comparison, we also modeled our final NPVs for each policy scenario using an
estimate of DALYs lost derived from this forecast number of deaths. This was
accomplished by taking the difference between the average age of mesothelioma
death in Colombia and subtracting this from Colombian life expectancy. The
magnitude of difference for each policy scenario NPV using VSL vs. this VSLY
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approximation method is shown in Table 10 below for the BAU case only, as an
indicator of the order of magnitude difference in the resulting values.
Table 10. Components of NPV in BAU Using VSLY & DALYs Approach

VSL Approach

VSLY Approach

Health Impacts
($ USD)

Scenario Total
NPV ($ USD)

Health Impacts
($ USD)

Scenario Total
NPV ($ USD)

$775,661,600,490

$ 211,276,510

$156,050,985,177

$10,430,281

vi. Distributional impacts of policies
The default value NPVs of our modeled policy are positive in all modeled market
scenarios, within the limitations of our model. However, the costs and benefits of such
policy changes would not impact all members of Colombian society equally. Changes
to net revenue for the industrial sectors producing crude asbestos and PCAs would
directly impact only a handful of companies and their employees (though in reality,
some of these same companies are already producing substitute products that would
allow them to make up their losses in this sector instead). Additionally, the secondary
impacts of these revenue changes would likely manifest as job losses and retraining,
which would likely be borne primarily by workers and their communities (for example,
the village supplying the labor for the Las Brisas mine).
Moreover, the distribution of the costs of a ban and the health benefits, which would
manifest in large part as savings to the Colombian public health system. The values
modeled suggest that while a small number of companies and their employees are
benefiting from the status quo, an even larger cost is currently being borne by the
public to support this industry - not only through direct health impacts borne by
workers and average citizens, but through the diversion of taxpayer resources to
ARD-related healthcare.
vii.

Limitations of Models

Limitations in modeling ARDs as a function of per capita asbestos use
Modeling health impacts as a function of whole-country per capita crude asbestos
consumption is a key limitation in this CBA. The incidence of asbestos-related
diseases must, by definition, be concentrated among the sector of the population
exposed to asbestos; while average consumers of PCAs are potentially at risk of
disease-causing exposure, this risk is heavily concentrated among those whose
occupations directly involve the use or processing of asbestos fibers (Furaya et al.
2018).
In light of this reality, we feel it is important to point out the limitations of modeling
health impacts as a function of country-level asbestos consumption. We initially
considered models for several partial ban scenarios, in an attempt to understand the
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sensitivity of our broader CBA model to changes in each specific industrial sector.
However, these scenario models do not capturing the expected health impacts to
workers mining asbestos or manufacturing PCAs if those product volumes are destined
for export. As a result of this, our initial model trials were showing the same expected
level of health benefits from a ban on domestic use of PCAs and crude asbestos (with
manufacture and production of both still allowed, and workers still exposed as a result)
as would have been expected under a full ban (which would have actually reduced the
occupational exposures expected from these two sectors). These partial ban models
were clearly underestimating worker exposure potential, because the equations
involved behaved as if these groups are not exposed to asbestos when their products
do not stay in Colombia. This clearly does not match the physical reality of
asbestos-related disease potential for these groups.
This issue demonstrates the limitations of using national consumption alone as an
input variable for models of future ARD diagnoses, despite work by several authors
[ref, ref] who have shown a strong correlation between past consumption levels and
disease cases manifesting after a latency-related lag. Even our full ban model likely
suffers from this reality as well, as exported PCAs and crude asbestos have not been
included in the total “in-country consumption” of each scenario’s baseline case. While
a simple regression of past ARD and consumption data may be able to ground
predicted future cases in a reasonable magnitude, it must be remembered that such
numbers are fundamentally divorced from the actual primary method of disease
transmission (namely, occupational exposure), and therefore must be interpreted with
caution.
Validity of other direct health impact modeling assumptions
As mentioned before, the model in our case study is limited to analyzing the direct
mortality impacts of only three kinds of ARDs (mesothelioma, lung cancer, and
asbestosis). We do not include other ARDs, the actual valuations of which may be
significant. In addition, the regression model of projecting future health effectiveness
only includes population and asbestos production variables, which could introduce
omitted variable or other biases into our coefficient estimates, on top of issues relating
to the quality of the raw data itself.
Low granularity of manufacturing groups
In our model, PCA producers and substitutes producers are two mutually exclusive
groups, one group’s loss is transferred to another groups’ win. Due to the political
pressure and market trends, more PCA producers may switch to making substitutes.
Currently, three companies supply the entire PCA market in Colombia: Eternit with
three manufacturing facilities, Toptec with one manufacturing facility, and Incolbest
with one manufacturing facility. Our model did not capture the baseline costs and
benefits of producers who chose to adapt the changing market even without a ban in
place. The real cost is likely to be less than the benefit of industry transition,
considering that fact that many manufacturing facilities can be easily remodeled to
produce asbestos-free substitutes.
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Our model also may not fully reflect the impact of the global asbestos regulation trend,
as we did not include Colombian exporters and importers of asbestos substitutes in
the analysis. If other countries, especially those in Latin America region, continue to
ban asbestos by increasing degree, the growing demand of substitutes exports will
expand the revenue stream of substitutes producers. There is an ongoing transition to
substitutes now, and an increasing number of bans worldwide may expedite this
process.
Growing export market for substitutes of PCAs to other countries could also boost the
NPV of a ban policy, in that economy of scale for the substitutes would make them
even more profitable for the companies involved. This is particularly likely if additional
countries in the region ban asbestos.
Limitations in calculating ranges of growth rates and other parameters for sensitivity
analysis and Monte Carlo probability distributions
Probability-weighted sensitivity analysis is how we assessed uncertainties associated
within the model output. We attached an estimated probability distribution to each
variable to find a distribution of likely NPV outcomes, given random valuation of each
parameter within their assigned ranges across thousands of trials. The biggest
challenge was determine appropriate ranges and distributions of those parameters for
each variable of interest. A conventional method is to fit a distribution to the historical
data of the variables (Stæhr, 2006). When the maximum, minimum or central values are
available, triangular distribution can be a good estimate. We have 9-year data with
annual granularity for some variables; however, our data are not adequate to fit in any
truly valid statistical distribution. Instead, we found the maximum and minimum rate of
changes in the 9 years, and assigned triangle distributions to all of them.
Indirect costs ultimately excluded from analysis
Because we were unable to adequately model all indirect economic impacts to various
sectors, we ultimately opted not to include indirect costs in this applied analysis.
However, these costs, particularly for human health, are likely to be significant.
Previous study of indirect economic costs of occupationally linked respiratory disease
suggest that such costs may account for on the order of 66% or more of total health
impact values (e.g., Serrier, Sultan-Taieb, et al. 2014). We strongly suggest that
decision makers keep this limitation in mind when interpreting the results of CBAs
(such as this one) that do not capture these types of values.
F. Conclusions and Recommendations from the Colombia Case Study
Our modeling demonstrates that a full asbestos ban, under several potential market
conditions, is likely to be an economic net positive for the country. While scarcity of
data and methodological issues limit the precision and accuracy of our model outputs,
our conclusion appears to be supported by other recent events. Most significantly, the
Colombian asbestos industry trade group AsColFibras has recently stated its support
of an asbestos ban (Ossa 2018). This supports our assessment that the substitute
manufacturing industry would benefit significantly from a ban: most of the companies
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in Colombia producing PCAs are also producing PCA substitutes, and likely would not
support a ban if it would not benefit them financially. Our model suggests that these
substitute manufacturing stakeholders might be some of the biggest winners in an
asbestos ban, and the industry’s recent shift in support is in line with this conclusion.
Moreover, other recent developments in Colombia suggest that an asbestos ban will
ultimately be enacted in the near future. In March, a Colombian judge ordered that the
Ministry of Health must develop a plan to ban asbestos within the next 5 years.
Hearings in the Colombian Senate over the past year also suggest that momentum is
building for the legislature to enact a ban. These two directions of policy momentum,
combined with newly announced industry support for a ban, create the impression for
us as outside observers that a ban is now likely.
We remind the reader that this work is preliminary, and that our specific modeling
outcomes should be interpreted in a qualitative sense more than as precise estimates
of the values involved. Further work would be required to calibrate and validate our
modeling numbers to fully reflect the realities of the Colombian economy.
With these contextualizing elements and caveats, we therefore recommend that
policymakers keep several issue in mind as Colombia’s future asbestos policy is
developed:
● Distributional Impacts. An asbestos ban will impact various economic and
social sectors in very different ways, with benefits of a ban spread unevenly across
the Colombian population. In particular, the status quo results in health impacts
caused by industrial use of asbestos being borne by individual exposed workers
and the Colombian tax base as a whole. In light of the potential for savings to the
public health system as the result of a ban policy, we recommend that
policymakers consider options for short-term economic relief for any workers and
communities heavily dependent upon the asbestos mining and manufacturing
industries to transition to sustainable livelihoods.
● Potential Negative Health Effects of Asbestos Substitutes. Given the
diversity of materials used as substitutes for asbestos or PCAs, we did not include
modeling of potential health impacts of these substitutes in our CBA. However,
these substitutes could in theory carry their own yet-unknown health risks. We
recommend that Colombian regulators and researchers pay appropriate attention
to research regarding the potential for negative health impacts from the asbestos
substitutes, with a focus on any that appear poised to be widely used, as would be
advisable in the case of any new substance approved for widespread public use.
V. DISCUSSION OF OVERALL FRAMEWORK
As demonstrated by our case study application, the overall approach we took to
constructing our general framework has several significant limitations. We note,
however, that this work has nonetheless produced several valuable outcomes,
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particularly with respect to identifying areas of priority future research and data
collection efforts.
A. Major limitations of the framework
The primary limitations of our framework, many of which have been highlighted
previously in the text to this point, are summarized in the paragraphs that follow.
Health projection and valuation methodologies are not robust to data limitations
Data availability is a common challenge in the practice of the CBA of national policies.
This problem may be more salient in the asbestos industry because the production and
sales information are hard to track in light of the broad range of asbestos applications.
Besides that, quantifying the long latency period between exposure and ARD diagnosis
requires the examination and use of decades-old data, which in our case study had to
be interpolated between 10- and 5-year snapshots. Our calculation of benefits was
established on the relationship between past consumption and disease diagnoses
decades later. However, our framework does not provide an alternative method to
estimate the health impact if this relationship were impossible to find due to a data
gap.
Additionally, our exclusion of indirect costs from this analysis excludes potentially
significant values related to the social and economic impacts of ARDs. In particular,
costs such as caretaker burdens and suffering are not included, though these values
may play a significant role in policy maker decision making. This further underscores
the need for a holistic view of evidence and ethics in the debate surrounding asbestos
policy bans, as CBAs such as this one and other economic analyses likely will not
cover the full range of relevant considerations.
Risk-risk tradeoffs of substitutes are not considered
Another limitation of our analysis is that we neglected the countervailing health risks
associated with the production procedure and exposure of substitutes materials. These
risks may completely or partially offset the avoided health cost of asbestos uses, and
may eventually lower the NPV below the break-even point. Future analyses would
benefit from a preliminary identification of the most significant risks related to potential
substitute materials, and incorporation of these costs into the existing framework.

B. Potential value of a generalized framework
We believe that the major value of this broader exercise is twofold:
First, while recognizing the limitations inherent to our modeling outcomes, we note that
these numbers allow for an approximation of major costs and benefits in countries for
which critical relevant data may not be available, and for which valuation would
otherwise not be possible. While it is not always true that an approximate estimate is
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better than no estimate, such an analysis can serve as a starting point for
conversations between health researchers, industry groups, and policymakers, ideally
promoting more transparent conversation, information-sharing, and group learning
among these often separate groups. The use of this framework allows for this early
conversation to be grounded in numbers derived from real-world data, and not from
pure speculation.
Secondly, we hope this work can serve as a guide to improve the conversation around
data needs between the policymaking and research communities. Due to the siloed
nature of many professional and academic disciplines, it is not always obvious to
practitioners in one community what the ideal form and extent of data might be for use
in another community. We hope that a transparent walk through this framework and its
limitations can help both policymakers, asbestos health researchers, and interested
third parties better understand what kinds of data collection or investigations would aid
future economic analyses that attempt to value public health impacts in monetary
terms.
C. Recommendations for Priority Future Research
Our experience with attempting to apply this CBA framework to the real-world case of
Colombia highlights the need for further research and improvement of several topics:
Improve disease forecasting by incorporating occupational use
The attempted use of whole-country asbestos consumption alone as the determining
driver of ARD incidence masks the nuances between asbestos ban policy alternatives.
While per capita consumption of crude asbestos may be the easiest metric to obtain
regarding the use of asbestos in a region of interest, the relationship between a
country’s consumption and the future manifestation of ARDs is not a simple linear
model in terms of the mechanisms and subgroups of population involved. This reality
limits the utility proxy methods based on whole-country consumption, which do not
incorporate the most common mechanisms and highest situational probabilities of
asbestos exposure.
It would be valuable for future researchers to refine asbestos-related disease
forecasting metrics for countries in which detailed asbestos-related industry
employment data is not readily available. For example, studies could be designed to to
ground reasonable estimate ranges of workers likely exposed to asbestos per ton of
PCA produced, or worker exposure man-hours per ton of asbestos mined and refined.
These kinds of studies might help significantly improve the precision of ARD
forecasting attempts, if the relationship between exposure time, concentration, and
country-level occupational safety standards was also known or studied.
Furthermore, studies of the disease potential associated with consumer use of key
products (such as asbestos cement or automotive friction products) could also help
distinguish between potential ARDs stemming from occupational exposures vs.
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population-wide exposure to PCAs. This could help clarify the distributional impacts of
asbestos use and related ban policies.
Alternatively, the development of other methods of estimating the future disease
burden of asbestos use would be valuable, particularly for countries were historic use
has not been tracked in a reliable or consistent way. Estimation methods that depend
on more recent asbestos use data to estimate the health impacts would be of
particular value, as this later data tends to be more complete and granular. For
example, as mentioned earlier, Furaya et al. (2018) estimate that one death occurs
somewhere in the world per 20 tons of crude asbestos produced. While we have not
closely examined the methodology used to develop this estimate, it may be the case
that a similar estimation could be developed on a more localized regional or
country-specific basis.
Revisit estimates of asbestos-relevant and Colombia-specific VSL
Given the high influence of VSL on our NPV outcomes for 2 of our 3 market scenarios
(as revealed by our sensitivity analysis), we recommend the research community work
to refine these estimates specifically for asbestos. The VSLs elicited in relation to
deaths from various types of illnesses may differ significantly. We were unable to find
VSL values specific to asbestos-related illness, which in the case of asbestosis and
mesothelioma can be extremely painful processes. The nature of the experience of
mesothelioma or asbestosis may have direct implications for the willingness to avoid
such diseases, potentially significantly inflating the VSLs extrapolated from those
values.
Moreover, the use of country-specific VSL to value avoided mortality is theoretically
rooted in values elicited from the local economy of the region in question. However, the
surface implications of using vastly different VSLs for citizens of different countries
raises a range of ethical and political questions, particularly to a public audience with
little or no economics training. In particular, the fact that the VSL recommended for use
in Colombia by the World Bank is orders of magnitude below that used by the US EPA
is worth cautiously revisiting from a political perspective. Such a significant
discrepancy could lead to public outrage if used to justify less health-protective
outcomes for Colombian citizens.
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Appendix A: Enlarged General Framework Figure
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Appendix B: Map of Asbestos Ban Chronology
The map presented
here was created
using information
compiled by the IBA
Secretariat on partial
and complete
asbestos bans
enacted since 1973
(Kazan-Allen 2019).
Partial bans are
displayed in grayscale
tones, with darker
grays indicating an
earlier ban (range =
1973 to 2018).
Complete bans (with
only minor or limited
exceptions) are shown
as colored striped fill,
overlain on any grey
background already
added to the country
to represent a
previous partial ban.
Red tones indicate an
earlier ban, while more
yellow tones indicate a
more recent ban
(range = 1982 to
2019).

63

Appendix C: Sources of data
Table 11: Sources and Years of Data Used in Modeling

Data Type

Years

Sources

Included
VSL

2014, 2017

World Bank Sustainable Development
Department. (2014). “Environmental Health
Cost in Colombia”. Latin America and the
Caribbean Region Colombia and Mexico
Country Management Unit Report No. 71443 CO
W. Kip Viscusi* and Clayton J. Masterman
Income Elasticities and Global Values of a
Statistical Life, J. Benefit Cost Anal. 2017;
8(2):226–250:

Discounting Factor

2008

López, The Social Discount Rate:
Estimates for Nine Latin American
Countries. The World Bank
Latin America and the Caribbean
Region
Office of the Chief Economist

Historic Consumption
Import and Export of
Asbestos
Import and Export of PCA
Production of Asbestos
Consumer Prices of PCAs
in Colombia

2009-2017*

Silva Arias 2018 (*cut to June 30, 2017)

1930-2002**

USGS Mineral Yearbooks (**decadal
data snapshots 1930-1970; 5-year
data 1975-1990; annual data
1995-2002)
Universidad de los Andes Research
Team (Arias, Cruz, et al. 2018,
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Consumer Prices of

personal communication)

Substitutes in Colombia
Profit Margin by Industry

As of

for Manufacturing and

January 2019

NYU Stern School of Business, Margin
by Sector. 2019

Mining sectors
Discount rate for Health

2014

Evaluation (rh)

Sertkaya, Aylin, et al. "Analytical
framework for examining the value of
antibacterial products." (2014).

Life Expectancy

2017

World Bank Open Data

Mesothelioma Death Age

1997-2015

World Health Organization

Historical DALYs/Deaths

1998-2013

Kang, Dong-Mug, et al. "Occupational burden
of Asbestos-related diseases in Korea,

for other ARDs

1998–2013: asbestosis, mesothelioma, lung
Cancer, laryngeal Cancer, and ovarian
Cancer." Journal of Korean medical science
33.35 (2018).

Estimates of number of

2000s

mine workers
Average miner salary

Colombian local news reports (Semana
2013, Rojas 2012)

2019

From Economic Research Institute's
Salary Expert tool (ERI 2019)

Upper limit of Las Brisas

2013

IBA Secretariat (Kazan-Allen 2012)

2010-2019

Range estimated from 10 years of

mine production
Wage inflation rate range

Colombian minimum wage inflation
rates ( Minimum Wage Colombia 2019)
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Appendix D: Crude Asbestos Production Calculations and Assumptions
Production of crude asbestos in Colombia was modeled as stemming entirely from the Las
Brisas mine in the Antioquia Department. Information published during the 2012 sale of the
mine, both from brokerage sources and from local reporting on the impacted mining
community, was collected and used to ground estimates of major important parameters. Due
to a lack of available information, no consideration was made for price or production
differences between length-grades of asbestos fibers. All values across the 30-year policy
window were discounted at the 4.40% World Bank rate used throughout the rest of the sector
calculations.
Crude Asbestos Price Derivation
Because we were unable to obtain an official per-ton price of crude asbestos in Colombia, a
price per ton was established using 2017 UN Comtrade database data on Colombian asbestos
imports and exports. Because this data is reported only as bulk tons and total value, a price
per ton was found by dividing the total value by total tonnage. An average of the import and
export value per ton obtained this way was used. A growth rate was applied to this price,
bounded by trends seen in the World Bank’s global GDP inflation data.
Sector Revenue Calculations
A growth rate was applied to the 2016-2017 annual production tonnage to allow for sensitivity
analysis of changes in production over time. Growth of production was capped at 18,000 tons
per year, based on the mine’s permitted extraction and stated goal of 1,500 tons/month. Mine
intake was calculated as the product of each year’s price and each year’s projected production
tonnage
Sector revenue was calculated as this intake value minus an estimate of production labor and
overhead costs. Labor costs were estimated based on local news coverage of the town near
the Las Brisas mine, which was the subject of human interest reporting around the time of the
mine’s sale and reopening. These stories suggested that between 200 and 250 local people
had been employed by the mine at its previous operating capacity; we use this number as a
starting point for Year 1 of our calculations, and scale it up or down proportionally to
production. An average salary for these miners was derived from an estimate for average
Colombian miner salary generated or compiled by the Economic Research Institute.
Recovery Value
Additionally, a liquidation value was estimated for the mine, based on advertised values of
in-place iron infrastructure present at the mine as of its 2012 sale. The weight of this
infrastructure (7,000 tons) was multiplied by an average price for untreated scrap iron to
represent a value recoverable at closure for the mine. No other regulatory or cleanup costs
were considered. This value was assumed to be recovered immediately under a ban scenario,
and recovered after 30 years under the baseline scenario. No other equipment sale recovery
was considered.
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Appendix E: Quantity of Product Containing Asbestos and Substitutes Calculations

A major data extrapolation we made was to estimate the quantity of sales of PCA by
sector (Construction, Automotive and Others) from the weight of PCA export by sector.
First, we assumed that asbestos cement, braking pads and gaskets in standardized
size and density are the only type of product sold in its application category. The
product measurement of the standard units are listed as:
Table 12: Asbestos density and prices for representative PCAs

Product

Size

Density

Price (Colombian
Peso/unit)

Asbestos
Cement

122cm*90cm*0.6cm

1.6g/cm3

15.000

Braking Pad

15.6cm*7.42cm*1.97c
m

1.89g/cm3

40.000

Gasket

12.5cm (external
diameter); 3.45cm
(inner diameter);
1.9cm*4 (4 holes each
with 1.9cm diameter
on each gasket )

2.00g/cm3

1.895

Then we find the unit weight of each product, and have them divided by the total
weight by sector in each year to get the quantity of exports. For each product, we
approximated the weight of asbestos contained according to the EPA’s summary of
weight percentage of asbestos in various products (20% in insulation material like
cement, 60% in friction material like gaskets and braking pad). With that, we got an
estimate of the distribution of total amount asbestos in each product. We then assume
that the same portions of asbestos in these three products apply to national
consumption of crude asbestos.
Our estimation suggests that around 76% of the total crude asbestos consumption
goes into manufacturing cement, 23.43% goes into braking pads, and 0.83% goes into
gaskets. By that, we estimate the total amount of domestic sales of these three
products. Universidad de los Andes provided us the price of cement and braking pads,
we found the price of gaskets on some international trading websites.
The fluctuation of PCA production is related to the annual crude asbestos consumption
in that year, which is determined by the growth rates of imports, exports and
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production of crude asbestos. The total revenue of PCA is the multiplication of quantity
and its corresponding price, shown as below:
Revenue of PCA Producer = Quantity of PCA*Price of PCA
In our market simulation, the total demand of substitute and PCA stays at the historical
maximum level (2009-2017) for each product category (construction, automotive, other
friction materials). Substitutes replace PCA on a 1 to 1 ratio. The relationship between
quantities of PCA and Substitutes is:
Quantity of Substitute + Quantity of PCA = Historical Maximum of PCA2009-2017
Other major equations for calculating financial flows in the PCA production sector are
included below:
● Cost to PCA Producer = Quantity of Crude Asbestos Purchased*Price +
Revenue * (Operating Cost-Revenue Ratio)
● Revenue of Substitute Producer = Quantity of Substitute Sold* Price of
Substitute
● Cost of Substitute Producer = Revenue*Estimated Cost-to-income Ratio
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Appendix F: Calculations of Health Benefits as a Function of DALYs
First, calculate the total DALY of all the ARDs:

DALY : T otal Disability Adjusted Lif e Y ears of all kinds of asbestos − related diseases (years)
DALY i : T otal Disability Adjusted Lif e Y ears of asbestos − related diseases i (years)
Y LL i : T otal Y ears of Lif e Lost due to the premature death of asbestos − related diseases i (years)
Y LD i : T otal Y ears Lost due to Disability of asbestos − related diseases i (years)
N i : N umber of deaths of asbestos − related diseases i
S LE : Standard Lif e Expectancy at age of death (years)
I i : N umber of incident cases of asbestos − related diseases i
DW i : Disability weight of asbestos − related diseases i
L i : Average duration of case until remission or death of asbestos − related diseases i (years)
Next, use VSLY to attach a monetary value for DALY, and discount the result
according to the time horizon of the project:
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V SLY : T he V alue of a Statistical Lif e Y ear ($/year)
V SL : T he V alue of a Statistical Lif e ($)
LE : T he Lif e Expectancy (year)
H B : T otal Health Burden ($)
P V N B health : T he N et P resent V alue of total Health Burden ($)
r LE : Lif e Expectancy Discount rate
r : Discount Rate of the project
n : T ime horizon (year)
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Appendix G: Calculations of Health Benefits as a Function of Avoided Mortality &
Morbidity

N B morb : T he Annual N et Benef its due to M orbidity reduction ($)
N B mort : T he Annual N et Benef its due to M ortality reduction ($)
ΔM orbi : T he change of M orbidity due to asbestos − related diseases i
ΔM orti : T he change of M ortality due to asbestos − related diseases i
P i : T he P opulation of Exposed Group of asbestos − related diseases i (persons)
V SL : T he V alue of Statistical Lif e ($)
W G : T he average wage of a patient ($/5 days)
Di : T he average duration of disease i (days)
P V N B health : T he total P resent V alue of N et Benef its due to morbidity & mortality reduction ($)
r : Discount rate
t : T ime horizon (years)
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Appendix H: Sensitivity Analysis and Data Parameters Documentation
Table 13: Range and Default Values of Sensitivity Parameters

Growth rate of global

Lower

Default

Higher

bound

value

bound

Estimate source

1.018

1.031

1.054

World Bank Data

-61.00%

-18.26%

73.68%

Max and Min grow

Asbestos price
Growth rate of
production

rates from the study
of Silva Arias 2018

Growth rate of export

-20.00%

-8.98%

49.38%

Max and Min grow
rates from the study
of Silva Arias 2018

Discount rate

3.90%

4.40%

4.40%

World Bank

Administrative/Complia 2.00%

4.38%

6.00%

Canadian RIA study

1.056

1.077

Colombian minimum

nce Cost ratio
Mining wage growth

1.036

rate

wage annual growth
rates (last 10 years)

Employees per mine

200.00

225.00

250.00

Reports of Interviews
with company and
Las Brisas villagers

Annual mining wage

4287.09

5643.00

7021.66

(USD, ca 2017)
Overhead multiplier

Economic Research
Institute data

1.50

1.75

2.25

Safe Work Australia
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Growth rate of import

-38.00%

-25.00%

42.00%

Max and Min grow
rates from the study
of Silva Arias 2018

Share of Asbestos in

68.85%

76.00%

82.95%

EPA (ICF Inc., 1988)

16.46%

23.43%

30.23%

EPA (ICF Inc., 1988)

0.51%

0.83%

1.15%

EPA (ICF Inc., 1988)

-26.31%

-26.31%

14.30%

Max and Min grow

Asbestos-Cement
Share of Asbestos in
Brake Pad
Share of Asbestos in
Gasket
Growth rate of cement
export

rates from the study
of Silva Arias 2018

Growth rate of Brake

-15.89%

-15.89%

9.84%

Pads export

Max and Min grow
rates from the study
of Silva Arias 2018

Growth rate of Gaskets -13.76%

-13.76%

42.60%

export

Max and Min grow
rates from the study
of Silva Arias 2018

Sub. Producer’s

50.00%

50.00%

85.00%

Cost/Revenue Ratio
PCA Operating Cost in

sector from NYU
64.00%

75.00%

85.00%

total revenue
Discount rate for
Health Evaluation

Report of Margins by

Report of Margins by
sector from NYU

0.01

0.03

0.05

Sertkaya, Aylin, et al.
(2014).

73

Mesothelioma ARDs

23.00

35.00

45.00

Latency Parameters

Sheets "Asbestos-

(Years)
Lung Cancer ARDs

OSH Answers Fact
Health Effects"

20.00

25.00

30.00

8.00

9.00

10.00

107000.0

537000.00

1228000.

Viscusi, W. Kip, and

00

Clayton J.

Latency Parameters
(Years)
Asbestosis (ARDs
Latency Parameters)
(Years)
VSL(USD, ca 2017)

0

Masterman (2017)
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