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1.

ABSTRACT

The Cancun agreements describe low emission
development strategies (LEDS) as “indispensible to
sustainable development” (1).1 Such strategies outline
pathways for countries to advance sustainable, climateresilient development and private sector growth while
significantly reducing the greenhouse gas (GHG)
emissions traditionally associated with economic growth.
Guided by each country’s development goals, a LEDS
articulates economy-wide development scenarios, and the
policies, programs, financing, and implementation plans
necessary to achieve those scenarios. Unlike with
traditional GHG mitigation programs, actions considered
for a LEDS cannot be at the expense of achieving a
country’s development priorities, such as economic
growth, energy security, poverty alleviation, and human
welfare.

Low emission development strategies (LEDS) articulate
policies and implementation plans that enable countries to
advance sustainable, climate-resilient development and
private sector growth while significantly reducing the
greenhouse gas (GHG) emissions traditionally associated
with economic growth. In creating a LEDS, policy makers
often have access to information on abatement potential
and costs for clean energy technologies, but there is a
scarcity of economy-wide approaches for evaluating and
presenting information on other dimensions of importance
to development, such as human welfare, poverty
alleviation, and energy security. To address this
shortcoming, this paper proposes a new tool for
communicating development benefits to policy makers as
part of a LEDS process. The purpose of this tool is twofold:
1.
2.

INTRODUCTION

Constructing a LEDS requires a tool that enables
governments to evaluate and prioritize mitigation measures
and corresponding policies for implementation of these
measures across an economy and clearly explain the
process used to make this determination. Because
countries’ development priorities are the drivers behind
LEDS, optimization tools used for LEDS should
incorporate development benefits to reflect this priority.

Communicate development benefits associated
with each clean energy-related intervention
Facilitate decision-making on which combination
of interventions best contributes to development
goals

To pilot this tool, the authors created a visual using data on
development impacts identified through the Technology
Needs Assessment (TNA) project in Montenegro. The
visual will then be revised to reflect new data established
through the TNA that provides information on cost, GHG
mitigation, as well as the range and magnitude of
development impacts.

1

The terms low carbon and low emission development
strategies are used interchangeably in literature. Low
carbon development strategies is used in the Cancun
Agreements (1/CP.16.6 and 65), but several studies and
programs use the term low emissions development
strategies as it better reflects the emissions of different
GHGs as defined in Annex A of the Kyoto Protocol.
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representing the full spectrum of impact across a
population; this is most apparent when one considers the
value assigned to those outside the formal economy, which
includes many women and young children.

Yet leading tools used by practitioners do not always
adequately capture or communicate the development
impacts of proposed actions. To address this shortcoming,
the authors reviewed existing approaches to capturing and
communicating development benefits of climate action and
proposed a new tool for communicating development
benefits to policy makers as part of a LEDS process. The
purpose of this tool is two-fold:
1.
2.

Macroeconomic models can also be used to assess
economic development impacts of low carbon actions.
These models have been developed in a number of
countries, and while useful for assessing macroeconomic
indicators such as Gross Domestic Product (GDP) and
employment, they do not capture many micro-level
indicators associated with gender, education, etc. Data
intensity and computational requirements may also be
barriers to the use of macroeconomic models in some
countries.

Communicate development benefits associated
with each LEDS-related intervention
Facilitate decision-making on which combination
of interventions best contributes to development
goals

2. EXISTING TOOLS TO ANALYZE AND PRESENT
CLIMATE AND DEVELOPMENT BENEFITS

Another example of a tool that assesses GHG mitigation
(and adaptation) options in terms of climate and
development benefits is that of a Technology Needs
Assessment (TNA) (3).2 In a TNA, country stakeholders
revisit the country’s sustainable development priorities,
which are subsequently used as criteria for identifying
strategic sectors for climate and development, and
prioritizing mitigation and adaptation options within these
sectors. The TNA process is highly participatory and
suggests using a detailed multi-criteria decision analysis
(including sensitivity analysis), which supports mobilizing
stakeholders’ knowledge and taking robust decisions.

A leading tool to prioritize GHG mitigation options is a
Marginal Abatement Cost Curve (MACC or MAC curve),
which is a variable width bar graph with GHG mitigation
options arranged from least to highest cost per unit of
reduced carbon. The y-axis represents the marginal cost of
carbon abatement using the listed option and the x-axis
represents the total abatement potential for that option.
MAC curves have been valued for their clear presentation
and cost-based prioritization of abatement options, but
criticized for underrepresentation of costs and barriers
associated with implementation (2) and for not being
designed to identify and present benefits of technology
implementation beyond GHG mitigation.

The choice in tools for identifying development benefits
depends on whether the development objective is primarily
anti-poverty (or improved well-being) or economic growth.
Many of the growth-focused benefits can be evaluated as
part of a macro-economic modeling effort and quantified in
economic indicator terms. In contrast, anti-poverty benefits
may have more complex causal chains and have less
accepted methodologies for impact assessment. These
realities preclude straightforward and easily calculable
relationships between climate action and development
impacts. In order to deal with that complexity, the TNA
process invites stakeholders to score climate options based
on how well these contribute to development benefits. This

MAC curves are also dependent on a variety of static
assumptions about cost and performance that may vary
widely across the region of interest, ignore intra- and intersectoral interactions, and may not capture national and
international dynamics that impact technology costs.
Nevertheless, MAC curves can be useful tools for
engaging policy makers in discussions of the technology
options that could offer substantial abatement opportunities
and in the exploration of associated policy actions that
could be taken to exploit those opportunities.
To identify development benefits, analysts must draw on a
series of other tools, some of which are computationally
intensive. One example is the relationship between GHG
mitigation and impacts to public health through improved
air quality. The relationships among emissions from energy
use and industrial processes, pollutant concentrations,
health outcomes, and consequent losses in economic
productivity can help estimate health-based development
benefits associated with climate action. Even with this
well-studied example, there are challenges to adequately

2

The TNA concept was included in the Decision on
‘Development and Transfer of Technologies’ at COP7
(2001) to help developing countries identify technology
needs for mitigation and adaptation. An updated TNA
methodology was endorsed by the UNFCCC Expert Group
on Technology Transfer at its 6th meeting on Development
and Transfer of Technologies (Bonn, Germany, 19-20
November 2010). Currently, 36 developing countries
conduct TNAs under the GEF/UNEP TNA project
(http://tech-action.org).
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relative scoring method reduces the need for
quantification.

This simplification may end up overstating the potential
development benefits if less than full penetration of a
technology would result in uneven application across
socio-economic strata. The fully realized impacts will also
depend on the paths chosen to exploit low-emission
opportunities, including policy design. This visual, as is the
case with MAC curves, is meant to be a communication
tool to facilitate meaningful stakeholder dialogue on the
interplay between climate action and development impacts.
Likely outcomes would need to be further analyzed in the
context of planned policy, enforcement, and changing
international market dynamics.

3. NEW TOOL TO COMMUNICATE
CONTRIBUTIONS OF LEDS INITIATIVES TO
DEVELOPMENT GOALS
To meet the objectives outlined above—communicating
development benefits and facilitating decision-making on
interventions for LEDS—the authors propose the visual in
Figure 1.3 This visual purposefully includes the MAC
curve, recognizing its value and prevalence in supporting
LEDS. This visual rotates the MAC curve on its side with
the lowest cost technology option at the top of the page. To
the right of the rotated MAC curve are the names of the
technologies represented in the curve and associated
development benefits differentiated by type. The impact of
the technology on the benefit type is depicted as highly
positive, positive, neutral, or negative. This designation
can be made based on qualitative or quantitative
evaluation, as allowed by available data.

4.

PILOTING THE VISUAL

The information needed for this new communication tool
can build from existing LEDS, supplementing with
information on development benefits and ease of
implementation in order to better inform decisions on
LEDS scenarios. As explained above, one program that
does consider difficult-to-quantify development benefits is
the Technology Needs Assessment (TNA) approach. Once
priority subsectors are identified for a TNA, potential GHG
emission reductions and impact on development goals
(social, economic, and environmental) are evaluated for a
variety of technologies in that subsector. TNAssess, a
spreadsheet-based tool to help compile and analyze this
information, allows stakeholders to identify, evaluate, and
prioritize technologies based on user-defined criteria.
Capital costs and operating and maintenance (O&M) costs
are included to identify whether a technology is
appropriate for a given country.

The development impacts presented in the sample graphic
are broadly categorized into social, economic, and
environmental impacts. The specific benefits chosen for
this graphic are based on targets established by programs
such as the Millennium Development Goals and common
development goals targeted by non-climate programs, and
reflect both anti-poverty and economic growth-based
development objectives. The last columns relate to ease of
implementation of each option and may capture some of
the non-technical and non-cost barriers to implementation
that are not captured in the MAC curve. To better inform
decisions, a recording can be added with a rationalization
of why a score was given and whether there have been
disagreements among stakeholders in the process.

Many of the cautions given for use of MAC curves also
apply to the approach of this graphic. Potential carbon
emission reductions assume full penetration at a single
point in time and technologies are analyzed in isolation.

A TNA in Montenegro serves as the basis for the first pilot
use of the development impact visual presented in Figure
1.4 As a first step, the TNA identified energy, transport,
and aluminum production as priority sectors for achieving
Montenegro’s development objectives and contributing to
GHG mitigation goals. This was done in a participatory
workshop (7-8 November 2011) with a broad range of
stakeholders from different sectors (energy, agriculture,
forestry, transport, aluminum), representing private and
public sector institutes. The stakeholders identified
potential technologies within these sectors, and
Montenegrin consultants compiled “technology sheets”,
based on stakeholder input. Overall, 25 mitigation
technologies were analyzed. These technology sheets
describe GHG mitigation potential, associated costs, and
environmental, economic, and social benefits expected
from each technology’s implementation. The visual
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4

By compiling multiple criteria into one simplified visual,
this tool is expected to reduce complexity inherent to
comparing technologies across multiple sectors.
The suggested technologies and benefits are not meant to
be exhaustive nor rigid. A visual for a given country will
include benefits that reflect that country’s priorities and the
information available to assess the impacts.

This figure is illustrative and not representative of actual
research.

The TNA in Montenegro is conducted during 2011-2012
with support from the Netherlands’ Government.
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Fig. 1. Proposed visual to simultaneously communicate GHG mitigation potential and development benefits of technology options

4

developed in this study presents a summary of the more
detailed analysis of development benefits created through
the TNA.

insulation in buildings’ indicate positive cost savings, the
magnitude likely varies. The data on magnitude will then
be added to a revised version of the visual in Figure 2, and
with the addition of cost information, 5 will provide a final
product intended to facilitate multi-criteria decision
analysis.

Methodology
The data on the technology sheets reflect stakeholder
responses to open-ended questions. To revise the visual in
Figure 1 to reflect Montenegro’s development priorities as
identified by these stakeholders, we classified the
responses into mutually exclusive categories of
development impacts, reflecting the following
methodology:
1.

2.

3.

Limitations
The quality of the visual relies on the quality of the input
data on the technology sheets, compiled by a local
consultant and then translated. As a result, the information
is susceptible to translation errors and misinterpretation.
Also, the impact statements prepared for Montenegro were
highly qualitative and lacked specificity, as they were
prepared as summary documents for a forthcoming
detailed discussion at the TNA workshop on the
development impacts of technology options. Therefore,
impacts have not been systematically tabulated in the
factsheets. At the TNA workshop development impacts of
technology options will be discussed in further detail
within the context of Montenegro, as a basis for scoring
and weighting.6 For this pilot, only the factsheets were
available, and therefore a full impact assessment could not
be incorporated in the visual. Figure 2 can be considered a
first indication, and will later reflect the scores and
weightings of the TNA workshop.

Employ when possible the stakeholders’ original
wording (translated to English), such as
“improved quality of life,” to retain the intended
meaning.
Identify the impact as positive (+) or negative (-).
Later in the TNA process, data will be provided to
evaluate the magnitude of the positive or negative
impact (high positive, positive, neutral, negative,
high negative).
Use only data provided by the stakeholders.
Because the data reflect responses to open-ended
questions, the benefits are not necessarily
established through a consistent framework.
Nevertheless, this study does not attempt to
extrapolate responses in one technology to
another.

The technology sheets did not explicitly address ease-ofimplementation. The sheets did reference assumptions
about policy implementation, i.e., how the technology will
be diffused, and responses, e.g., workforce training, were
used to create categories for ease-of-implementation.

Moreover, the technology sheets, designed to present total
costs of a technology at full penetration, were incomplete
at this stage and lacked the cost information needed for the
MAC curve. Such information would enable the user to
simultaneously evaluate the development impacts of the
least-cost technologies. Last, these technologies reflect
impacts accruing to a subset of sectors, so benefits may not
necessarily apply to an economy-wide analysis.

Results

Lessons Learned

This methodology produced a visual (Figure 2) with four
social impacts, five economic impacts, five environmental
impacts, and six ease-of-implementation impacts, marked
by a +/- indicator for each technology that referenced that
impact. References to each development impact varied—
e.g., three technologies referenced rural development;
eighteen referenced reducing dependence on imported
fuels greenhouse gas reductions. The ‘Environmental
Impacts’ and ‘Ease of Implementation’ categories include
negative impacts for certain technologies.

This pilot project identified ways to improve the process of
developing the visual. In order to maximize the utility of
the visual, this experience stressed the importance of
developing the impact statements with further rigor.
Specifically, the impact claims would benefit from a more
detailed and a stronger causal foundation. This would
allow for nuance in the range of the impact (high positive,
5

Cost data can draw from existing MAC curves, where
available. In the case of Montenegro, cost estimates will
be derived during the next TNA workshop.
6
The technologies will be compared with each other in
terms of least (score 0) and most preferred (100); other
technologies are scored relative to these two (e.g., 20, 50 or
95).

The visual will then be returned to Montenegrin
stakeholders to establish the relative magnitude of each
impact, by technology. For example, although both
‘Increasing diesel engine efficiency’ and ‘External wall

5

Fig. 2. First iteration of pilot visual for Montenegro based on technology sheets for priority sectors. Figure spans two pages.
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positive, neutral, negative, high negative) and a higher
degree of confidence in the claims, improving the visual’s
ability to assist decision-making. Furthermore, identified
impacts should be systematically evaluated across
technologies within the same sector (and across sectors
when appropriate) in order to better compare technology
options. The forthcoming TNA workshop will address this
gap in data.

7.

(1) UNFCCC, The Cancun Agreements, Outcome of the
work of the Ad-Hoc Working Group on Long Term
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The next step will be to solicit feedback from Montenegrin
stakeholders on the interpretation of their responses in
Figure 2, and on the visual’s overall utility as a tool to aid
decision-making.
5.

(3) UNDP, Handbook for Conducting Technology Needs
Assessment for Climate Change. November 2010
http://unfccc.int/ttclear/pdf/TNA%20HANDBOOK%20EN
%2020101115.pdf

CONCLUSIONS

Achieving development goals is paramount to the success
of a LEDS. Constructing a LEDS therefore requires a tool
that enables governments to evaluate and prioritize
technologies by their contributions to development goals.
Yet leading optimization tools, such as MAC curves,
exclusively focus on cost and carbon mitigation. This
study proposes a tool that builds from the information in a
MAC curve to communicate the range and magnitude of
development impacts of each technology under
consideration. To pilot this tool, the authors applied data
on development impacts identified through the TNA in
Montenegro to create a visual that reflects country-specific
development goals. The visual will then be revised to
reflect stakeholder feedback and new data established
through the TNA that provides information on cost, GHG
mitigation, and range and magnitude of development
impacts.
6.
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