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Latin America is one of the regions with the highest 
rates of urbanisation in the entire planet: around 75% 
to 85% of the population lives in cities in the majority 
of countries. The lack of planning and uncoordinated 
growth in many urban areas results in a range of 
environmental and social-economic impacts. In the 
next 40 years, it will be necessary to build the same 
urban capacity as over the last 4,000 years. 
Considering this growing demand and the 
deterioration of natural resources, the cities and urban 
systems need to be redesigned and re-planned in order 
to produce more of the resources that they consume, 
such as food and energy, and to be more compact. The 
relationships between cities and natural resources is 
driving a current discussion of urban planning to 
realise a green urban economy. 

Facing this scenario, it is crucial that cities see these 
challenges not as problems, but as opportunities to 
become more efficient, productive and equal spaces, 
protecting their valuable natural resources and 
providing better living conditions for local 
inhabitants. The development of long-term strategies 
and integrated policy implementation could be a 
pathway to transform the current scenarios. 

Local governments, as the closest governance level to 
each citizen, have the role and responsibility to build 
more sustainable cities. For this task, they can look for 
ICLEI ś support. ICLEI-Local Governments for 
Sustainability is the main global association of cities 
and local governments focusing on sustainable 
development. It represents a powerful movement of 12 
megacities, 100 super-cities, 450 big cities and urban 
regions, as well as 450 small and medium-sized cities 
in 83 countries. ICLEI has the mission to build and 
serve a worldwide movement of local governments to 
achieve actual improvements in global sustainability, 
with special attention to environmental conditions, 
through cumulative actions. ICLEI promotes local 
actions for global sustainability, and supports cities to 
become more resilient, efficient in the use of 
resources, biodiverse and low-carbon, and to develop 
a green inclusive urban economy supporting a happy 
and healthy community.

In this sense, ICLEI believes that Recife is on the  
right track to make a real transition from a traditional 
economy based on fossil fuel and grey infrastructure 
to an inclusive low carbon society, bringing elements 
that will enable the city to become smarter and  
more sustainable. 

As a result of this report written by the University  
of Leeds, the City of Recife has seen some  
alternatives that could be included in its Low  
Emission Development Action Plan, hence  
building its long-term planned strategy. 

Jussara Carvalho 
Executive Director 
ICLEI

Foreword: ICLEI

I am delighted to highlight the excellent collaboration 
between the UK and Brazil on a challenge facing 
many cities; sustainability. 

The University of Leeds and their Brazilian partner, 
ICLEI Brazil, have worked together on possible 
solutions. The report they have produced focusses on 
the link between energy and development in the fast 
growing city of Recife in the North East of Brazil.  
It reviews the cost and effectiveness of a wide range  
of efficient, renewable and low carbon options for 
urban development.  

Recife’s metropolitan region is formed by 14 
municipalities in which 42% of the state’s population 
is concentrated in 2.81% of the state’s territory, 
totalling an average of 7,000 people per square 
kilometre – almost the triple of London’s density. 
Rapid growth and high density has led to severe 
problems in water supply and recurring flooding.  

The need for urban planning and innovative 
technology to tackle these issues in order to mitigate 
the effects of climate change, and the impact of 
human development is the starting point for this 
report. Using their experience, the University of 
Leeds suggests smart city solutions by which the 
established Climate Change and Sustainability 
Committee of the city of Recife can implement a low 
emission development strategy. 

I hope the report can help Recife to realise its ambition 
of being a low-carbon city with high economic growth 
and which offers its inhabitants a high quality of life. 
Enjoy reading it. 

Alexander Wykeham Ellis 
Her Majesty ś Ambassador to Brazil

Foreword: Foreign and 
Commonwealth Office
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Introduction

What is the best way to shift a city to a more energy 
efficient, low carbon development path? Even where 
there is broad interest in such a transition, there are 
major obstacles that may prevent cities from acting on 
such a far-reaching agenda. The absence of a credible 
and locally appropriate evidence base makes it 
particularly difficult for decision makers to act.

This study aims to provide such an evidence base for 
Recife and to use this to examine whether there is an 
economic case that can be used to secure large-scale, 
low carbon investments in the city. The more specific 
aim is to provide prioritised lists of the most cost- and 
carbon-effective measures that could realistically be 
promoted across the housing, commercial buildings, 
transport and waste sectors within the city.

Our Approach

We start the analysis by collecting data on levels and 
composition of energy use in Recife. We do this for a 
range of different sectors including the electricity  
sector on the supply side and the housing, commercial, 
transport and industry sectors on the demand side.  
We also evaluate the waste sector as it both generates 
greenhouse gas emissions and has the potential to 
generate energy. The primary data was supplied by  
the City of Recife. 

For each of these sectors, and for the city as a whole, we 
examine the influence of recent trends, for example in 
economic growth, population growth, consumer 
behaviour and energy efficiency, and we develop 
‘business as usual’ baselines that continue these trends 
through to 2030. These baselines allow us to predict 
future levels and forms of energy supply and demand, 
as well as future energy bills and carbon emissions. 

Based on extensive literature reviews and stakeholder 
consultations, we then compile lists of the low carbon 
measures that could potentially be applied in the 
domestic, commercial and public buildings, transport 
and waste sectors in the city. The industry sector was 
excluded at this stage because the city’s Master Plan 
constrains industrial activities within Recife. We assess 
the performance of each measure by conducting a 
realistic assessment of its costs and likely lifetime 
savings, and we consider the scope for deploying each 
one in Recife in the period to 2030. These appraisals 
were subjected to a participatory review in expert 
workshops to ensure that they are as realistic as possible 
and to consider the key factors that shape the potential 
for their deployment.

We draw together the results from our assessment and 
the expert review to determine the potential impact of 
the combined measures across the different sectors of 
the city as a whole. This allows us to understand the 
scale of the development opportunity, the associated 
investment needs and paybacks, as well as impacts on 
energy supply and demand, energy bills and carbon 
emissions in the different sectors in the city. These 
aggregations also allow us to generate league tables  
of the most cost-and carbon-effective measures that  
could be adopted both in each sector and across the  
city as a whole.

Executive Summary

The cost-benefit analysis of each measure was 
complemented by a multi-criteria appraisal. We 
convened a series of stakeholder workshops where 
participants were invited to assess each measure 
according to five broad criteria: political acceptability, 
public acceptability, capacity for implementation, 
positive impacts on human development and positive 
impacts on the environment. Each of these criteria in 
turn were apportioned a percentage weighting in order 
to assess their relative importance. The total score for 
each option or cluster of options was then calculated 
using the weighted average score, allowing us to 
identify those measures with broad political, social and 
environmental appeal.

The Economic Case for 
Low Carbon Investment

We estimate that Recife’s GDP was BRL 35.60 billion 
(USD 16.55 billion) in 2014, and if recent trends 
continue we forecast that GDP will grow to BRL 70.54 
billion (USD 32.82 billion) by 2030. We also find that 
the total energy bill for Recife in 2014 was BRL 3.40 
billion (USD 1.45 billion), meaning that 8.7% of all 
income earned in Recife is currently spent on energy. 
Energy bills are projected to increase to 12.1% of 
city-scale GDP by 2030.

We predict that a continuation of business as usual 
trends in the period to 2030 would see total energy use 
in Recife rising by 94.1% from 2014 levels to 2030 and 
we forecast that the total energy bill for the cities will 
increase by 174.2% from 2014 levels to BRL 9.32 billion 
(USD 3.97 billion) in 2030. We also predict that, in a 
business as usual scenario, total carbon emissions from 
Recife are forecast to increase by 79.1% from 2014 
levels by 2030.

Figure 1: Indexed carbon emissions – total, per unit of energy, per unit of GDP and per capita.
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After examining the potential costs and benefits of the 
wide range of energy efficiency, renewable energy and 
other low carbon measures that could be deployed 
across different sectors in the city, we find that – 
compared to business as usual trends – Recife could 
reduce their carbon emissions by 2030 by:

—	24.3% through cost-effective investments in the 
city that would more than pay for themselves on 
commercial terms over their lifetime. This would 
require an investment of BRL 7.79 billion (USD 
3.32 billion), generating annual savings of BRL 
1.37 billion (USD 585.25 million), paying back 
the investment in 5.7 years and generating annual 
savings for the lifetime of the measures.

— 	31.0% with cost-neutral measures that could be 
paid for by reinvesting the income generated 
from cost-effective measures. This would require 
an investment of BRL 14.91 billion (USD 6.35 
billion), generating annual cost savings of BRL 
1.35 billion (USD 575.01 million), paying back 
the investment in 11.0 years and generating 
annual savings for the lifetime of the measures.

We find that the transport sector contains 58.1%  
of the total potential for cost-effective low carbon 
investments, with the remaining potential being 
distributed among the domestic sector (6.9%),  
the commercial sector (12.5%), and the waste  
sector (22.5%).

While the impacts of the cost-effective investments 
will reduce overall emissions relative to business as 
usual trends, they do not stop overall emissions from 
rising in absolute terms. With exploitation of all 
cost-effective options, by 2030 emissions would be 
35.7% above 2014 levels. These measures will also 
save BRL 1.37 billion (USD 585.24 million) in 
energy expenditure each year, thereby reducing the 
energy bill in 2030 from a projected 12.1% of GDP  
to 8.6%. With the exploitation of all cost-neutral 
measures, the city’s emissions rise by only 23.7% 
above 2014 levels instead of 79.1%. 

Figure 2: Emissions from Recife under three different scenarios between 2000 and 2030.

However, investment in cost-effective and cost-neutral 
options can buy cities much needed time to lock in 
permanent reductions in emissions.  If all cost-
effective options are implemented, the Time to Reach 
BAU Emission Levels (TREBLE) relative to 2030  
in Recife will be 22 years. If all cost-neutral measures 
are implemented, emissions will only reach their 2030 
business as usual level in 43 years. In other words, 
economically neutral levels of investment in climate 
mitigation can keep emissions in Recife below 
business as usual trends for decades to come, giving 
policymakers time to build the political momentum 
and the technical, financial and institutional 
capabilities necessary for more ambitious changes to 
urban form and function. 

Conclusions and Recommendations

This research reveals that there are many 
economically attractive opportunities to increase 
energy efficiency and stimulate renewable energy 
investment, which would in turn improve the 
economic competitiveness, energy security and 
carbon intensity of Recife. The scale of the 
opportunities demonstrates that accounting for 
climate change in urban planning can be attractive in 
commercial terms, above and beyond the immense 
benefits of reducing the future impacts of climate 
change. We hope that Recife can use these findings to 
inform the development of its Climate Action Plan.

The presence of such opportunities does not mean 
that they will necessarily be exploited. By providing 
evidence on the scale and composition of these 
opportunities, we hope that this report will help to 
build political commitment and institutional 
capacities for change. We also hope this report will 
help Recife to secure the investments and develop  
the delivery models needed for ambitious climate 
action. Some of the energy efficiency and low carbon 
opportunities could be commercially attractive whilst 
others may only be viable with public investment  
and/or climate finance. Many of the opportunities 
would benefit from the support of enabling policies 
from government.

The University of Leeds, ICLEI and Recife City 
Council stress that economic considerations should 
not shape the transition to a low carbon development 
model in urban Brazil. We recognise that decision-
makers should also consider the issues relating to the 
equity, inclusivity and broader sustainability of each 
measure, introduced in our multi-criteria appraisal. 
However, we understand that the presence of a 
compelling economic case is often necessary for 
decision-makers to consider the broader case for 
action. We therefore hope that this evidence base  
on the opportunities for low carbon investment in 
Recife helps to mobilise political will for and public 
interest in ambitious climate action in Recife.
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Cities and Climate Change

The influence and impact of cities cannot be 
overstated. More than half of the world’s population 
lives in cities, and up to 70% of production and 
consumption takes place in cities. Cities are the places 
where many of the world’s institutions and much of its 
infrastructure are located, and where many of the 
world’s major social, economic and environmental 
challenges are created, experienced and sometimes 
tackled. Cities are also the places where many 
international and national policies and plans must 
ultimately take effect. Global action frequently relies 
on urban action – our common future depends to a 
large degree on the way that we develop, organise, live 
and work in cities.

Energy will play a pivotal role in the future 
development of cities. Currently, activities in cities 
consume 67-76% of all energy and are responsible for 
71-76% of all carbon emissions (UNEP, 2012). Some 
estimates suggest that 10-18% of all income that is 
earned in cities is spent on energy (Gouldson et al., 
2012; Gouldson et al., 2014). Despite its costs and 
impacts, modern energy is critical to human 
wellbeing. It enhances quality of life and enables 
economic activity. Increasing energy supplies and 
improving energy access facilitate development. The 
challenge is achieving sustainable and affordable 
energy provision – how can cities transition to energy 
efficient, low carbon development paths?

Cities’ share of global emissions is high and rising fast, 
but their institutional capacity and socio-economic 
dynamism also mean that cities are uniquely 
positioned to tackle climate change. This is 
particularly true in fast-growing emerging economies 
where massive investment in infrastructure provides 
an opportunity to reduce the energy intensity of social 
and economic activities. It is often suggested that 
preparing for climate change at an early stage of 
development is more effective and economically 
attractive than replacing or upgrading established 
infrastructure. Mainstreaming energy efficiency and 
low carbon objectives into planning processes has the 
potential to reduce bills, increase energy access, 
improve air quality, ease congestion, create jobs and 
mitigate the impacts of climate change. 

Focusing on Recife, this report considers the ways in 
which the relationship between energy and 
development in a rapidly growing city with pressing 
development needs could be changed. Although the 
report considers energy supply, the main aim is to 
review the cost- and carbon-effectiveness of a wide 
range of energy efficiency, renewable energy and other 
low carbon options that could be applied in different 
sectors in Recife. It then considers whether there is an 
economic case for major investments in these options 
across the city, and whether these investments have 
the potential to shift the city to a more energy efficient, 
lower carbon development path. 

The Brazilian Context

By land, Brazil is the largest country in Latin 
America, and its population of nearly 200 million 
people makes it the fifth most populous country in the 
world (World Bank, 2014). During the last ten years, 
Brazil’s economy has grown on average by 3.3% per 
year, so that it is now the seventh largest economy in 
the world (IPEA, 2014). The services sector is the 
most significant, accounting for 69% of total Gross 
Domestic Product (GDP). The largest segments 
within services are government, education and health. 
Industry represents 26% of GDP, with 
manufacturing, construction and mining having the 
largest shares in this sector. The remaining 5% of 
GDP is accounted for by the agricultural sector 
(IBGE, 2014). Due to strong social investments such 
as the Family Grant scheme, the average income has 
increased 3.1% per year (EY, 2011), leading to a 
decrease in the poverty level in Brazil from 21% in 
2003 to 11% in 2009 (World Bank, 2014).

Brazil’s rapid economic growth has been accompanied 
by dramatically increasing energy demand. It is 
projected that the energy consumption will increase 
4.5% per year until 2021 (EPE, 2012), outstripping 
most projections of Brazil’s economic growth. Brazil is 
the eighth largest energy consumer and the tenth 
largest energy producer in the world. The energy 
supply comes primarily from oil and other liquid fuels 
(47%), hydroelectricity (35%) and natural gas (8%) 
(EIA, 2014). The sector with greatest demand for 
energy in Brazil is industry, followed by the residential 
and commercial sectors.  

Chapter 1. 
Introduction, Context, Aims and Objectives

Economic development, population growth and rising 
demand for food and energy have created 
environmental challenges as well as social gains. 
Without considering land use change and forestry, 
Brazil was ranked as the sixth largest GHG emitter in 
2010, producing 1,049 MtCO2-e (TSP, 2010). This 
underscores the importance of tackling emissions 
from industry, transport, households, waste and other 
sectors that are predominately concentrated in urban 
centres. Table 1 below shows the source of Brazil’s 
emissions by sector.

Brazil is classified as the most mega-diverse country 
in the world. The Amazon, which covers 49% of the 
Brazilian territory, is highly vulnerable to climate 
change and other impacts, as are coastal regions such 
Rio de Janeiro and Recife, and the Northeast with its 
dry climate and socio-economic disadvantages 
(UNFCCC, 2007). In Brazil, many extreme weather 
events have taken place during the last decade 
including frequent floods in the South, lower water 
levels in the Amazon basin, heat waves in major urban 
centres, intense drought in Northeast and a 
precipitation increase in South and Southeast (MCTI 
et al., 2013).

Table 1. Emissions by sector in Brazil (MCTI et al., 2013).

Sector 1990 1995 2000 2005 2010 Variation

Gg CO2-e 1995-
2005

2005-
2005

Energy 191,543 232,430 301,096 328,808 399,302 41.5% 21.4%

Industrial processes 52,536 63,065 71,673 77,943 82,048 23.6% 5.3%

Agriculture 303,772 335,775 347,878 415.713 437,226 23.8% 5.2%

Forestry 815,965 1,950,084 1,324,371 1,167,917 279,163 -40.1% -76.1%

Residential 28,939 33,808 38,550 41,880 48,737 23.9% 16.4%

TOTAL 1,392,756 2,615,162 2,083,570 2,032,260 1,246,477 -22.3% -38.7%

The Economics of Low Carbon Cities14 15The Economics of Low Carbon Cities



Brazil’s first notable commitment against climate 
change was in 1992, when the country hosted the 
United Nations Conference on Environment and 
Development (more commonly known as Rio Earth 
Summit). In 2002, Brazil signed the Kyoto Protocol 
and in 2008, the government launched the National 
Plan on Climate Change (PNMC). This plan sets the 
objectives of reducing deforestation rates in the 
Amazon by 80% by 2020, increasing the consumption 
of ethanol within Brazil by 11% by 2019, and 
increasing the amount of urban solid waste recycled by 
20% by 2015. In 2009, Brazil passed the National Law 
for Climate Change which set a voluntary target of 
reducing greenhouse gases by between 36.1% and 
38.9% by 2020, relative to business as usual levels 
(Ministério do Meoi Ambiente, 2014).

Recife

Recife is the ninth largest city in Brazil, with a 
population of 1.5 million people (Bitoun et al., 2010). 
The metropolitan region encompasses 3.7 million 
people, representing the fifth largest metropolitan 
area in Brazil. 65.1% of the GDP of Pernambuco state 
is concentrated in this metropolitan area, and Recife is 
considered the most important industrial centre of the 
Northeast region, producing goods and services such 
as sugar cane, ships, oil platforms, and electronics.

Metropolitan Recife is home to 42% of the population 
of Pernambuco who live within just 2.8% of the state’s 
territory. Urbanisation has progressed rapidly in the 
state but is now increasing at a slower pace. On 
average the population of the city grew at an annual 
rate of 0.78% between 2000 and 2010 (Secretaria de 
Desenvolvimento e Planejamento Urbano, 2010).

The road infrastructure of the metropolitan region of 
Recife has not kept up with the rapid population and 
economic growth, resulting in traffic congestion and 
crowded public transport. Traffic and transit are 
overwhelmingly identified as the main problem facing 
Recife, according to Architecture and Engineering 
National Union (Sinaenco) (da Letra, 2013). The 
transport sector is responsible for most carbon 
emissions (65.6%), followed by waste (19.3%), 
household energy (6.4%), industrial energy (4.9%), 
commercial/institutional energy (3.8%) and 
government (0.4%). 

Recife is one of the most vulnerable cities in Brazil to 
the impacts of climate change. More than 80% of the 
urban area is within 30m of the coastline and the 
average elevation of the city is less than 4m above sea 
level. Under a scenario where sea levels rise 0.5m, it 
has been predicted that 39.32km2, or approximately 
13.4% of the metropolitan area, would become a flood 
zone (Costa et al., 2010).

Aims and Objectives                                                                       

What is the best way to shift a city to a more energy 
efficient, low carbon development path? It is 
important to demonstrate the local benefits of climate 
action to mobilise political commitment and engage a 
broad range of actors. Even where there is broad 
interest in such a transition, there are major obstacles 
that often prevent cities from acting on such a far-
reaching agenda. The absence of a credible and locally 
appropriate evidence base makes it particularly 
difficult for decision makers to act. 

This study aims to provide such an evidence base for 
Recife, and to use this to examine whether there is an 
economic case that can be used to secure large-scale 
low carbon investment in the city. To do this, we map 
broad trends in energy use, energy expenditure and 
carbon emissions in Recife, and examine the 
implications of ‘business as usual’ development in the 
city. This provides a macro-level context to explore 
the value of low carbon measures. We also provide 
prioritised lists of the most cost- and carbon-effective 
measures that could realistically be promoted across 
the housing, commercial and public buildings, 
transport and waste sectors within the city. On this 
basis, the aim is to consider whether there is an 
economic case for major investments in energy 
efficiency, renewable energy and other low carbon 
measures across the city, and whether these 
investments have the potential to shift the city on to a 
lower cost, lower carbon development path.

The evidence base is intended to inform policymaking 
and programme design both within individual sectors 
and at the city scale. By identifying the most cost- and 
carbon-effective measures, we aim to help 
government departments, development agencies, 
industry and civil society organisations to design 
climate strategies that exploit the most economically 
attractive measures. This evidence base has the 
potential to underpin national applications to 
international climate funds, development banks and 
other financial organisations, thereby helping to 
unlock and direct large-scale investment into low 
carbon development.

Recife has implemented policies and schemes to help 
local communities and the environment. The city is 
conducting a long-term project, ̒ Recife 500 anos, a 
cidade que queremosʼ (Recife 500 years, the city we 
want), which ends in 2037 (CAU/PE, 2012). The 
initiative aims to improve social inclusion and 
accelerate human development through investing in 
urban spatial distribution and mobility systems, 
economic development, environmental sustainability 
and public services. Examples of urban planning 
initiatives under this umbrella include ̒ Parque 
Capibaribe – caminho das capivarasʼ (Capibaribe 
Park – Capybara’s Path) and participation in the 
Brazilian project UrbanLEDS. The city is currently 
preparing municipal policies on low emission urban 
devleopment. We hope that this research will inform 
municipal policy design and support the city’s climate 
and development goals.
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Baseline Analysis

The baseline drew extensively on the greenhouse gas 
emissions inventory for the City of Recife for 2012 
using the methodology Global Protocol for 
Community-Scale Inventories, prepared by Local 
Governments for Sustainability (ICLEI) as part of 
the Urban LEDS project. This provided an overview 
of energy consumption by fuel type and consumer 
type. We then used state-level trends in energy 
consumption obtained from the Ministry of Mines 
and Energy to backcast the changing levels and 
composition of energy supply to, and demand in 
Recife. We do this for a range of different sectors 
including the energy sector on the supply side and  
the housing, commercial buildings, transport and 
industry sectors on the demand side. We also evaluate 
the waste sector as it both generates greenhouse gas 
emissions, and has the potential to generate energy, 
with estimates of changing waste production based  
on population size and average per capita income. 

We use this data to develop business as usual baselines 
based on the continuation of these trends through to 
2030. These baselines allow us to predict future levels 
and forms of energy supply and demand, as well as 
future energy bills and carbon footprints. 
Calculations of the changing carbon intensity of 
electricity are based on planned investments in 
electricity generation. We compare all future activities 
against these baselines. 

Lists of all of the participants in the expert workshops 
are presented in Appendix A, while a detailed 
explanations of the data sources, methods and 
assumptions used to develop the baseline scenario  
are presented in Appendix B.

Identification and Assessment of Measures

We develop lists of all the energy efficiency, small-
scale renewable energy technologies and other low 
carbon measures that could potentially be applied in 
the housing, commercial and public buildings, 
transport and waste sectors in the city. The industry 
sector was excluded from this stage to be consistent 
with the City Master Plan. The City of Recife limits 
the amount and types of industrial activity within the 
metropolitan area, and the remaining industries have 
a limited carbon footprint. 

We include both technological and behavioural 
measures in our analysis. The long lists of all potential 
measures are drawn from extensive literature reviews 
and stakeholder consultations, and then we review 
these to remove any options that are not applicable  
in a Brazilian context. The outputs form our shortlists 
of measures for each sector. These shortlists are  
not necessarily exhaustive – some measures may  
have been overlooked, while others may not have  
been included due to the absence of data on  
their performance. 

Again drawing on extensive literature reviews and 
stakeholder consultations, we assess the performance 
of each measure on the shortlists. We consider the 
capital, running and maintenance costs of each 
measure, focusing on the marginal or extra costs of 
adopting a more energy efficient or lower carbon 
alternative. We then conduct a realistic assessment of 
the likely savings of each option over its lifetime, 
taking into account installation and performance 
gaps. As each measure could be in place for many 
years, we incorporate the changing carbon intensities 
of electricity (based on planned investments in the 
electricity sector) and assume an average annual rise 
of 2% in real prices (including energy). 

Chapter 2. 
Our Approach

Some of the measures interact with each other, so their 
performance depends on whether/to what extent 
another option is also adopted. For example, the 
carbon savings from adopting green building 
standards depend on whether there are also energy 
efficiency standards for air conditioners. Similarly, the 
energy savings from increasing use of bicycles 
depends on the impact on modal share of different 
forms of transport. To take these interactions into 
account, we calculate the impact of each measure if 
adopted independently with business as usual 
conditions in energy supply. These calculations 
underpin the figures in the league tables, our 
prioritised menus of different options. When we are 
determining the potential savings across a sector or 
across the city economy, we calculate the effect of each 
measure on the potential energy savings of other 
measures to develop realistic assessment of their 
combined impacts. For example, any energy savings 
from passive cooling schemes in buildings reduce the 
mitigation potential of more efficient air conditioners.

These appraisals and scenarios are then subjected to a 
participatory review in expert workshops to ensure 
that they are as realistic as possible. Lists of all of the 
measures considered in the analysis are presented in 
Table 1. A detailed explanation of the data sources 
and assumptions used in the options appraisal is 
presented in Appendix C.

Table 2. Lists of the low carbon measures considered.

Sector Mitigation Measures

Commercial and 
public buildings

Air conditioners – energy efficiency standards, elevators and escalators  – energy 
efficiency standards, green building standards, LED street lighting, building 
retrofit with double glazed glass and polystyrene insulation, setting LED targets, 
solar photovoltaic (PV) panels (a-Si), solar PV panels (HIT), turning off lights.

Domestic buildings Air conditioners – energy efficiency standards, energy management of appliances, 
passive cooling systems in new buildings – evaporative cooling via porous roofs, 
passive cooling systems in new buildings – high albedo, refrigerator – energy 
efficiency standards, setting LED targets, solar-assisted electric showers, solar 
photovoltaic panels (a-Si), solar PV panels (HIT), television – energy efficiency 
standards, turning off lights, washing machines – energy efficiency standards.

Transport BRT – East-West, BRT – North-South, BRT North-South and East-West 
capacity expansion, CNG taxis, CNG private vehicle targets, construction of bike 
lanes, converting existing bus fleet to biodiesel, converting existing bus fleet to 
hybrids by 2030, converting existing bus fleet to CNG by 2030, expansion of bike 
sharing scheme, EU carbon emission vehicle standards, increase in bus service, 
increase in CNG bus service, increase in hybrid bus service, investments to 
increase public transit use and safety, mandatory fuel efficiency labelling, metro 
expansion, street metering expansion, subsidy for scrapping old vehicles – cash, 
subsidy for scrapping old vehicles – hybrid voucher, teleworking.

Waste Centralised composting, energy from waste (combined heat and power), energy 
from waste (electricity), home composting, hybrid waste collection retrofit, 
incineration, landfill gas (LFG) flaring, LFG utilisation, recycling program, waste 
prevention.
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Assessment of the Scope for Deployment

We evaluate the potential scope for deploying each 
measure in Recife in the period to 2030. We calculate 
deployment not only for the sectors as a whole, but 
also for sub-sectors, taking into account for example 
the scope for change in households with different 
income and forms of energy consumption, or the 
scope for an option to reduce emissions from a 
particular waste stream.

Based on stakeholder consultations, we develop 
realistic and ambitious rates of deployment – with 
realistic rates being based on readily achievable levels 
of uptake, and ambitious rates assuming rates of 
deployment or uptake that could be achieved with 
supporting policies and favourable conditions in 
place. These assessments take into account the 
lifespans and renewal rates of existing measures that 
could be replaced with more energy efficient or lower 
carbon alternatives, and also rates of change and 
growth in the relevant sectors of the city.  

Again, we subject our assessments of the scope for 
deployment to participatory review in expert 
workshops to ensure that they are as realistic as 
possible. More detailed explanations of the data 
sources and assumptions used in the appraisal of low 
carbon options are presented in Appendix C.

Aggregation of Investment 
Needs and Opportunities

We draw together the results from our assessment of 
the performance of each measure, and the scope for 
deploying each measure, to determine the combined 
impact of the measures on the city as a whole. This 
allows us to understand overall investment needs and 
paybacks, as well as impacts on energy supply and 
demand in the different sectors in the city. It also 
allows us to generate league tables of the most cost and 
carbon effective measures that could be adopted both 
in each sector and across the city as a whole. 

The Changing Context and the Impacts of 
‘Business as Usual’ Trends

Business as usual trends in Recife show significant 
decoupling of economic output and energy use 
between 2000 and 2030 (see Fig. 1). However, GDP 
and energy demand per capita are both rising steadily, 
while the population of Recife is also growing. These 
effects are offsetting recent improvements in energy 
intensity and leading to a net increase in energy use.

The electricity grid serving Recife depends largely on 
hydroelectricity. The real cost of energy in Brazil has 
not changed significantly since 2000. However, 
Brazilians enjoyed relatively cheap electricity in the 
early 2000s and faced more expensive energy over the 
last five years. We have therefore assumed an increase 
of 2% per annum for real energy prices to 2030. The 
rising real energy prices combined with increasing 
energy consumption means that, under business as 
usual conditions, the total energy bill for Recife will 
nearly triple from its 2014 level in the period to 2030 
(see Fig. 2).

Multi-criteria Analysis

Stakeholders identified by the authors and funders 
were invited to workshops being run in Recife and Sao 
Paulo. The participants represented policy, business 
and civil society communities (a full list of attendees is 
available in Appendix A). Four sessions were held:  
one for each of the domestic, public and commercial, 
transport and waste sectors. At each one, the 
participants were presented with a brief overview  
of the project and the goals of the multi-criteria 
analysis (MCA). 

For each sector, participants were given a list of low 
carbon measures (some options were packaged 
together in order to reduce the overall number of 
measures being reviewed). The participants were then 
asked to assess each measure according to five broad 
criteria: political acceptability, public acceptability, 
capacity for implementation, positive impacts on 
human development and positive impacts on the 
environment. Participants indicated their perception 
of the measure by providing a score from 1 to 5 for 
each option, where 5 indicates that the option 
performs very well and 1 indicates that the option 
performs very poorly. Participants were also invited to 
consider if any of the measures needed to be amended 
or if any additional measures should be considered. 
When revisions were offered, participants were  
asked to rank the new measures as well as those 
originally presented. 

In order to develop an overall ranking for each 
measure or cluster the participants were asked as a 
group to apportion a percentage weighting to each of 
the five criteria presented. The total score for each 
option or cluster of options was then calculated using 
the weighted average score. 

Chapter 3. 
The Key Findings

Figure 1: Indexed energy use – total, per capita and per unit of GDP.

Figure 2: Indexed energy prices and total energy bill. Since we assume that all energy prices rise at 2% 
per annum, all energy prices will increase by 37.3% between 2015 and 2030.
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Despite a slight increase in the carbon intensity of 
electricity, fuel switching means that the carbon 
intensity of energy consumed by Recife is projected to 
decrease slightly to 2030. When this trend is 
combined with rapid economic growth, the emissions 
produced per unit of GDP will fall slightly between 
2014 and 2030. The improvements in the carbon 
intensity of GDP are projected to slow due to falling 
economic growth rates and rapid growth of carbon-
intensive transport in the city. It is important to note 
that, despite the fact that emission intensity per unit  
of energy and per unit of GDP are slowly falling,  
rapid economic and population growth will lead to a 
rapid rise in per capita emissions and total emissions 
attributed to the city. In a business as usual scenario, 
per capita emissions in Recife are therefore forecast  
to increase by 58.1% between 2014 and 2030  
(see Fig. 3).

Figure 3: Indexed emissions – total, per unit of energy, per unit of GDP and per capita. Figure 4: Total energy use by sector in Recife, 2000 to 2030.

Figure 5: Total energy expenditure by sector in Recife, 2000 to 2030.For the city of Recife, business as usual trends will 
lead total energy consumption to rise by 91.0% from 
10.72 TWh in 2014 to a forecast level of 20.47 TWh 
in 2030 (see Fig. 4).

When combined with a projected increase in real 
energy prices of 2% per annum, this leads to the total 
expenditure on energy to increase by 174.2% from 
BRL 23.79 billion (USD 1.45 billion) in 2014 to a 
forecast level of BRL 46.18 billion (USD 3.97 billion) 
in 2030 (see Fig. 5).

When combined with relatively stable levels of carbon 
emissions per unit of energy consumed, this leads to 
carbon emissions attributed to domestic consumption 
increasing by 79.1% from 2.92 MtCO2-e in 2014 to  
a forecast level of 5.22 MtCO2-e in 2030 (see Fig. 6).

179.1%

158.1%

92.3%

90.3%

0%

20
00

20
02

20
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

20
20

20
22

20
24

20
26

20
28

20
30

50%

100%

150%

200%

250% Total emissions

Emissions per
unit energy

Emissions per
unit GDP

Emissions
per capita

0

5

10

15

20

25

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

20
22

20
23

20
24

20
25

20
26

20
27

20
28

20
29

20
30

Commercial
and public

Industrial

Residential

Transport

E
ne

rg
y 

us
e 

(T
W

h)

Commercial
and public

Industrial

Residential

Transport

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

20
22

20
23

20
24

20
25

20
26

20
27

20
28

20
29

20
30

E
ne

rg
y 

ex
pe

nd
itu

re
 (

U
S

D
 b

ill
io

ns
)

The Economics of Low Carbon Cities22 23The Economics of Low Carbon Cities



The Potential for Carbon Reduction – 
Investments and Returns

We find that – compared to business as usual trends – 
Recife could reduce their carbon emissions by 
2030 by:

—	24.3% through cost-effective investments in the 
city that would more than pay for themselves on 
commercial terms over their lifetime. This would 
require an investment of BRL 7.79 billion (USD 
3.32 billion), generating annual savings of BRL 
1.37 billion (USD 585.25 billion), paying back the 	
investment in 5.7 years and generating annual 
savings for the lifetime of the measures.

 
 
 

—	31.0% with cost-neutral measures that could be 
paid for by reinvesting the income generated from 
cost-effective measures. This would require an 
investment of BRL 14.91 billion (USD 6.35 
billion), generating annual cost savings of BRL 
1.35 billion (USD 575.01 billion), paying back the 
investment in 11.0 years and generating annual 
savings for the lifetime of the measures.

Figure 6: Greenhouse gas emissions by sector in Recife, 2000 to 2030.

Figure 7: Emissions from Recife under three different scenarios, 2000 to 2030.

Figure 8: Energy bills for Recife under three different investment scenarios,  
                      indexed to 2014 emissions, between 2000 and 2030
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We find that the transport sector contains 58.1% of the 
total potential for cost-effective low carbon investments, 
with the remaining potential being distributed among 
the domestic sector (6.9%), the commercial sector 
(12.5%), and the waste sector (22.5%).

While the impacts of the cost-effective investments will 
reduce overall emissions relative to business as usual 
trends, they do not stop overall emissions from rising in 
absolute terms. With exploitation of all cost-effective 
options, by 2030 emissions would be 35.7% above 2014 
levels. These measures will also save BRL 1.37 billion 
(USD 585.24 million) in energy expenditure each year, 
thereby reducing the energy bill in 2030 from a 
projected 12.1% of GDP to 8.6%. With the exploitation 
of all cost-neutral measures, the city’s emissions rise  
by 23.7% above 2014 levels instead of by 79.1%. 

However, investment in cost-effective and cost-neutral 
options can buy cities much needed time to lock in 
permanent reductions in emissions.  If all cost-effective 
options are implemented, the Time to Reach BAU 
Emission Levels (TREBLE) relative to 2030 in  
Recife will be 22 years. If all cost-neutral measures  
are implemented, emissions will only reach their 2030 
business as usual level in 43 years. In other words, 
economically neutral levels of investment in climate 
mitigation can keep emissions in Recife below  
business as usual trends for decades to come, giving 
policymakers time to build the political momentum  
and the technical, financial and institutional  
capabilities necessary for more ambitious changes  
to urban form and function.
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Introduction

The commercial and public sector is responsible for 
83% of Recife’s economy (World Bank, 2011), and  
for 17% of the city’s energy consumption. While  
the sector consumes some LPG, oil and natural gas, 
electricity is overwhelmingly the main source of 
energy. The commercial and public sector includes 
electricity sold under the ‘commercial’, ‘public power’, 
‘public service’, ‘public lighting’ and ‘traffic signs’ 
tariffs. Businesses are by far the largest users of energy 
within this sector. In 2012, the commercial and  
public sector was responsible for 17.4% of all energy 
consumed, 18.7% of the city’s energy bill and 6.9%  
of the city’s greenhouse gas emissions (excluding 
emissions from air and water transport, which fall 
outside the municipal authorities’ powers)  
(ICLEI, 2014).

The Impacts of ‘Business as Usual’ Trends

Growth of the tertiary sector leads commercial sector 
energy consumption to rise by 63.5% from 1.81 TWh 
in 2014 to a forecast level of 2.96 TWh in 2030.

When combined with increasing real energy prices, 
this leads to the total spend from the commercial and 
public sector on energy to increase by 126.5% from 
BRL 506.49 million (USD 215.76 million) in 2014 to 
a forecast level of BRL 1.15 billion (USD 488.61 
million) in 2030. 

When combined with increasing levels of carbon 
emissions per unit of energy consumed, this leads to 
carbon emissions attributed to commercial and public 
consumption increasing by 82.3% from 196.64 
ktCO2-e in 2014 to a forecast level of 358.53 ktCO2-e 
in 2030. 

Figure 9. Commercial sector: indexed energy use, energy bills and emissions
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The Potential for Carbon Reduction – 
Investments and Returns

We find that – compared to 2014 – these ‘business 
as usual’ trends in carbon emissions could be 
reduced by:

—	25.4% through cost-effective investments that 
would more than pay for themselves on 
commercial terms over their lifetime. This would 
require investment of BRL 2.71 billion (USD 
1.15 billion), generating annual savings of BRL 
129.00 million (USD 54.91 million), paying back 
the investment in 21.0 years and generating 
annual savings for the lifetime of the measures.

—	31.7% through cost-neutral investments that 
could be paid for by re-investing the income 
generated from the cost-effective measures.  
This would require investment of BRL 5.41 
billion (USD 2.31 billion), generating annual 
savings of BRL 171.99 million (USD 73.22 
million), paying back the investment in 31.5 
 years and generating annual savings for the 
lifetime of the measures.

Figure 10. Emissions from the commercial sector under three different investment scenarios,  
                        indexed against 2014 emissions, between 2000 and 2030.

 Cost effective

 Cost neutral

 All others including (“cost ineffective” and those mutually exclusive with other measures)

Table 3. �League table of the cost-effectiveness of low carbon measures in the commercial and public 
sector (BRL/tCO2-e and USD/t  CO2-e).

Rank Measure: BRL USD

/tCO2-e /tCO2-e

1 Air conditioner (EE Standard 1) -9,887.01 -4,208.90

2 Air conditioner (EE Standard 2) -8,040.84 -3,422.99

3 Turning off indoor lights -2,035.23 -866.40

6 LED street lighting -1,840.90 -783.67

7 LED target (commercial buildings) -557.94 -237.51

8 Setting LED target (public buildings) -388.49 -165.38

9 Elevators and escalators (EE Standard 1) -1.84 -0.78

10 Elevators and escalators (EE Standard 2) -1.84 -0.78

11 a-Si solar PV panel 19.93 8.48

12 HIT solar PV panel 219.70 93.53

13 Green Building Standard 2 2,536.82 1,079.93

14 Green Building Standard 1 2,960.27 1,260.19

15 Double glazed reflective glass plus polystyrene insulation (commercial buildings) 18,770.55 7,990.62

16 Double glazed reflective glass plus polystyrene insulation (public buildings) 18,774.74 7,992.41
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Table 4. �League table of the carbon-effectiveness of low carbon measures in the commercial and public 
sector (ktCO2-e).

 Cost effective

 Cost neutral

 All others including (“cost ineffective” and those mutually exclusive with other measures)

Sector Focus 

The Residential Sector
Rank Measure: ktCO2-e

(2015-2013)

1 Air conditioner (EE Standard 2) 393.52

2 Air conditioner (EE Standard 1) 393.52

3 Green Building Standard 2 - 100% of new buildings 121.55

4 LED target (commercial buildings) - 100% by 2030 109.09

5 Turning off indoor lights 66.41

6 Green Building Standard 2 - 50% of new buildings 60.77

7 Green Building Standard 1 - 100% of new buildings 60.77

8 Green Building Standard 1 - 50% of new buildings 30.39

9 HIT solar PV panel - target of additional 20MW by 2030 27.63

10 HIT solar PV panel - target of additional 10MW by 2030 13.81

11 Double glazed reflective glass plus polystyrene insulation - retrofit 20% of commercial buildings 13.76

12 Elevators and escalators (EE Standard 2) 13.37

13 LED street lighting 11.64

14 a-Si solar PV panel - additional 20MW by 2030 10.24

15 LED target (public buildings) - 100% by 2030 7.84

16 Double glazed reflective glass plus polystyrene insulation - retrofit 10% of commercial buildings 6.88

17 Elevators and escalators (EE Standard 1) 6.69

18 a-Si solar PV panel - additional 10MW by 2030 5.12

19 Double glazed reflective glass plus polystyrene insulation - retrofit 100% of public buildings 5.06

20 Double glazed reflective glass plus polystyrene insulation - retrofit 50% of public buildings 2.53
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Introduction

Rapid improvements in living standards are both 
causing and caused by increasing energy use by the 
residential sector in Recife. Refrigerators, freezers and 
lighting are the most significant end-users of 
electricity in the Northeast region, with growing 
demand driven by increasing ownership of air 
conditioners and electric showers (Ghisi et al., 2007). 
The demand for non-electricity forms of energy is 
predominately for cooking. In 2012, the residential 
sector was responsible for 12.8% of all energy 
consumed, 19.8% of the city’s energy bill and 9.3%  
of the city’s greenhouse gas emissions (excluding 
emissions from air and water transport, which fall 
outside the municipal authorities’ powers)  
(ICLEI, 2014).

The Impacts of ‘Business as Usual’ Trends

For the residential sector, background trends suggest 
substantial growth both in the number of households 
and in the average levels of energy consumption per 
household. Domestic sector energy consumption is 
projected to rise by 62.9% from 1.93 TWh in 2014 to 
a forecast level of 3.15 TWh in 2030.

When combined with increasing real energy prices, 
this leads to the total expenditure from the domestic 
sector on energy to increase by 125.6% from BRL 
572.56 million (USD 243.90 million) in 2014 to a 
forecast level of BRL1.29 billion (USD 550.34 
million) in 2030. 

Rapid increases in household electricity consumption 
combined with the increasing carbon intensity of  
the grid leads to carbon emissions attributed to the 
domestic sector increasing by 69.4% from 256.27 
ktCO2-e in 2014 to a forecast level of 434.15 ktCO2-e 
in 2030.

The Potential for Carbon Reduction – 
Investments and Returns

We find that – compared to 2014 – these ‘business  
as usual’ trends in carbon emissions could be  
reduced by:

—	20.3% through cost-effective investments that 
would more than pay for themselves on 
commercial terms over their lifetime. This would 
require investment of BRL 995.08 million (USD 
423.60 million), generating annual savings of 
BRL 253.11 million (USD 107.75 million), 
paying back the investment in 3.9 years and 
generating annual savings for the lifetime of  
the measures.

—	21.8% through cost-neutral investments that 
could be paid for by re-investing the income 
generated from the cost-effective measures.  
This would require investment of BRL 1.88 
billion (USD 799.16 million), generating annual 
savings of BRL 271.82 million (USD 115.71 
million), paying back the investment in 6.9 years 
and generating annual savings for the lifetime  
of the measures.

Figure 11. Residential sector: indexed energy use, energy bills and emissions
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Figure 12. Emissions from the residential sector in three different investment scenarios,  
                        indexed to 2014 emissions, between 2000 and 2030
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Options Appraisal

Table 5. �League table of the cost-effectiveness of low carbon measures in the residential sector 
(BRL/tCO2-e and USD/tCO2-e).

Table 6. �League table of the carbon-effectiveness of low carbon measures in the residential sector 
(ktCO2-e).

Rank Measure: ktCO2-e

(2015-2030)

1 HIT solar PV panel – 10% of households by 2030 225.56

2 Air conditioner (EE Standard 2) 212.11

3 Air conditioner (EE Standard 1) 169.33

4 Energy management of appliances 157.31

5 HIT solar PV panel – 5% of households by 2030 112.78

6 Turning off lights 100.77

7 Refrigerator (EE Standard 2) 93.87

8 a-Si solar PV panel – 10% of households by 2030 83.59

9 Television (EE Standard 2) 66.11

10 Television (EE Standard 1) 61.35

11 Passive cooling (high albedo and evaporative cooling via porous roofs) – 100% of new buildings 54.56

12 a-Si solar PV panel – 5% of households by 2030 41.80

13 Solar-assisted electric shower – 40% of households 39.99

14 Passive cooling (high albedo) – 100% of new buildings 34.18

15 Passive cooling (thermal insulation) - 100% of new buildings 32.98

16 LED target – 50% 29.09

17 Passive cooling (evaporative cooling via porous roofs) – 50% of new buildings 21.29

18 Solar-assisted electric shower – 20% of households 19.99

19 Refrigerator (EE Standard 1) 19.72

20 Passive cooling (high albedo and evaporative cooling via porous roofs) – 50% of new buildings 17.09

21 Passive cooling (high albedo) - 50% of new buildings 17.09

22 Passive cooling (thermal insulation) – 50% of new buildings 16.49

23 Passive cooling (evaporative cooling via porous roofs) – 100% of new buildings 15.56

24 Washing machine (EE Standard 2) 2.89

25 Washing machine (EE Standard 1) 1.45

Rank Measure: BRL USD

/tCO2-e /tCO2-e

1 Passive cooling (evaporative cooling via porous roofs) -3,106.72 -1,322.53

2 Refrigerator (EE Standard 2) -2,905.38 -1,236.82

3 Turning off lights -2,354.33 -1,002.24

6 Passive cooling (high albedo) -1,920.56 -817.58

7 Passive cooling (high albedo and evaporative cooling via porous roofs) -1,811.97 -771.36

8 Air conditioner (EE Standard 1) -1,052.05 -447.86

9 Air conditioner (EE Standard 2) -1,001.20 -426.21

10 a-Si solar PV panel -275.90 -117.45

11 Setting LED target of 50% -113.91 -48.49

12 HIT solar PV panel -76.13 -32.41

13 Energy management of appliances -2.28 -0.97

14 Television (EE Standard 2) -0.11 -0.05

15 Television (EE Standard 1) -0.09 -0.04

16 Passive cooling (thermal insulation) 2,274.09 968.08

17 Solar-assisted electric shower 3,291.01 1,400.98

18 Refrigerator (EE Standard 1) 1,680.09 715.22

19 Washing machine (EE Standard 1) 30,404.01 12,942.99

20 Washing machine (EE Standard 2) 30,404.01 12,942.99

 Cost effective

 Cost neutral

 All others including (“cost ineffective” and those mutually exclusive with other measures)
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Sector Focus 

The Industrial Sector

Introduction

Pernambuco is the largest industrial centre in the 
Northeast of Brazil. Major industries in the region 
include agricultural processing for the region’s 
sugarcane, cotton and tobacco crops, manufacturing 
of textiles, leather goods, electronics and 
pharmaceuticals, oil refining and support industries, 
as well as tertiary industries such as information 
communication technologies. Natural gas is the most 
significant source of energy, followed by electricity. 
Background trends and planned investments suggest 
an ongoing expansion of industry and consequently, 
industrial energy use. However, most industrial 
activity is concentrated in Recife’s hinterland rather 
than within municipal boundaries. In 2012, the 
industrial sector was responsible for 9.0% of all energy 
consumed, 5.5% of the city’s energy bill and 6.3%  
of the city’s greenhouse gas emissions (excluding 
emissions from air and water transport, which fall 
outside the municipal authorities’ powers)  
(ICLEI, 2014).

The Impacts of ‘Business as Usual’ Trends

Industrial sector energy consumption is projected to 
rise by 72.1% from 954.5 GWh in 2014 to a forecast 
level of 1.57 TWh in 2030.

When combined with increasing real energy prices, 
this leads to the total expenditure from the industrial 
sector on energy to increase by 129.3% from BRL 
225.08 million (USD 101.88 million) in 2014 to a 
forecast level of BRL 516.01 million (USD 219.81 
million) in 2030. 

Rapid increases in industrial energy consumption 
combined with the increasing carbon intensity of  
the grid leads to carbon emissions attributed to the 
industrial sector increasing by 75.3% from 169.99 
ktCO2-e in 2014 to a forecast level of 297.92  
ktCO2-e in 2030.

The Potential for Carbon Reduction – 
Investments and Returns

We have not assessed low carbon measures for the 
industry sector for two reasons. Firstly, we have not 
been able to obtain data about the composition of 
energy use by industrial sector, so we cannot assess the 
scale of opportunities available. Secondly, the main 
industries within the boundaries of Recife are not very 
carbon-intensive (for example, no cement 
manufacturing or steel production). This means that 
there is less information available about the type of 
energy efficiency and other low carbon measures 
available within these industries. However, we do not 
believe this will be significant since the most 
significant opportunities in terms of emission 
reductions are likely to be found in high emitting 
sectors, particularly transport in the case of Recife.

Figure 13. Industrial sector: indexed energy use, energy bills and emissions between 2000 and 2030
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Sector Focus 

The Transport Sector

Introduction

Recife is a major hub for air, sea, rail and road 
transport. The transport sector is unsurprisingly a 
major source of emissions despite ambitious national 
policies to promote a shift to biofuels. Sales of light 
vehicles in Brazil are now dominated by flex-fuel 
models that can use any blend of ethanol and gasoline, 
which will help to reduce the carbon intensity of 
transport in Recife. The city is also well-serviced by 
public transport including buses, trains, a metro 
system and an expanding bus rapid transit network 
(BRT) although the proportion of trips by public 
transport has declined with rising car ownership 
(World Bank and PPPIAF, 2006). In 2012, land 
transport was responsible for 60.8% of all energy 
consumed, 56.0% of the city’s energy bill and 53.3% 
of the city’s greenhouse gas emissions (excluding 
emissions from air and water transport, which fall 
outside the municipal authorities’ powers)  
(ICLEI, 2014).

The Impacts of ‘Business as Usual’ Trends

In the transport sector, background trends suggest a 
substantial growth in the vehicle fleet in Recife. 
Growth in vehicle numbers leads transport sector 
energy consumption to rise by 111.0%, from 6.38 
TWh per year in 2014 to a forecast level of 12.79 
TWh in 2030.

When combined with increasing real energy prices, 
this leads to total expenditure on energy from 
transport to increase by 201.8% from BRL 2.15 
billion (USD 916.40 million) in 2014 to a forecast 
level of BRL 6.49 billion (USD 2.77 billion) in 2030.

Rapid growth in vehicle ownership is projected to lead 
to carbon emissions from the transport sector 
increasing by 108.8%, from 1.44 MtCO2-e in 2014 to 
a forecast level of 3.01 MtCO2-e in 2030.

Figure 14. Transport sector: indexed energy use, energy bills and emissions
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The Potential for Carbon Reduction – 
Investments and Returns

We find that – compared to 2014 – these ‘business  
as usual’ trends in carbon emissions could be  
reduced by:

—	24.5% through cost-effective investments that 
would more than pay for themselves on 
commercial terms over their lifetime. This would 
require investment of BRL 3.27 billion (USD 
1.39 billion), generating annual savings of BRL 
834.33 million (USD 355.17 million), paying 
back the investment in 3.9 years and generating 
annual savings for the lifetime of the measures.

—	30.5% through cost-neutral investments that 
could be paid for by re-investing the income 
generated from the cost-effective measures.  
This would require investment of BRL 6.59 
billion (USD 2.80 billion), generating annual 
savings of BRL 740.94 million (USD 315.42 
million), paying back the investment in 8.9 years 
and generating annual savings for the lifetime  
of the measures. 

Options Appraisal

Table 7. �League table of the cost-effectiveness of low carbon measures in the transport sector 
(BRL/tCO2-e and USD/tCO2-e).

Rank Measure: BRL USD

/tCO2-e /tCO2-e

1 Converting 2000 taxis to CNG by 2030 -2,141.76 -911.75

2 Increase in CNG bus service - 40% -1,468.21 -625.02

3 Increase in CNG bus service - 20% -1,406.15 -598.60

4 CNG vehicles - 10% by 2030 -1,347.99 -573.84

5 Increase in hybrid bus service - 20% -477.52 -203.28

6 Increase in hybrid bus service - 40% -426.64 -181.62

7 EU carbon emission vehicle standards -425.43 -181.11

8 Mandatory fuel efficiency labelling -368.98 -157.07

9 Converting existing bus fleet to CNG by 2030 -302.45 -128.76

10 BRT - North-South -254.48 -108.33

11 Teleworking -223.75 -95.25

12 Street metering expansion -209.43 -89.15

13 BRT - East-West -163.67 -69.67

14 Converting existing bus fleet to hybrids by 2030 -112.41 -47.85

15 Bike sharing - 2x current scheme -2.76 -1.17

16 Subsidy for scrapping old vehicles - hybrid voucher valued at USD1,000 151.32 64.42

17 Converting existing bus fleet to biodiesel 214.35 91.25

18 Bike lanes - 56km 250.73 106.74

19 Investments to increase public transit use and safety 794.91 338.39

20 BRT North-South and East-West capacity expansion 931.66 396.61

21 Subsidy for scrapping old vehicles – cash payments 1,079.96 459.74

22 Increase in bus service - 20% 3,423.62 1,457.44

23 Metro expansion 25,129.48 10,697.62

 Cost effective

 Cost neutral

 All others including (“cost ineffective” and those mutually exclusive with other measures)

Figure 15. Emissions from the transport sector under three different investment scenarios,  
                        indexed to 2014 emissions, between 2000 and 2030.
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Table 8. �League table of the carbon-effectiveness of low carbon measures in the transport sector 
(ktCO2-e).

Sector Focus 

The Waste Sector

Rank Measure: ktCO2-e

1 Converting existing bus fleet to biodiesel 7,467.92

2 EU carbon emission vehicle standards 4,140.15

3 Converting existing bus fleet to hybrids by 2030 3,006.82

4 Converting existing bus fleet to CNG by 2030 1,435.40

5 Increase in hybrid bus service - 40% 686.60

6 Street metering expansion 654.47

7 Increase in CNG bus service - 40% 394.16

8 Increase in hybrid bus service - 20% 373.89

9 Increase in CNG bus service - 20% 224.41

10 BRT - North-South 111.80

11 BRT - East-West 96.94

12 Bike lanes - 56km 94.35

13 Bike sharing - 2x current scheme 78.63

14 Metro Expansion 78.33

15 Converting 2000 taxis to CNG by 2030 72.04

16 Increase in bus service - 20% 67.00

17 Investments to increase public transit use and safety 62.90

18 Subsidy for scrapping old vehicles - hybrid voucher (1000 USD) 39.48

19 BRT North-South and East-West capacity expansion 20.33

20 CNG vehicles - 10% by 2030 18.69

21 Subsidy for scrapping old vehicles (1000 USD) 13.83

22 Mandatory fuel efficiency labelling 11.85

23 Teleworking 0.54

 Cost effective

 Cost neutral

 All others including (“cost ineffective” and those mutually exclusive with other measures)
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Introduction 

Population and economic growth are projected to lead 
to a significant increase in waste generation in Recife. 
Waste output is estimated to exceed a million tonnes 
per year in 2025, dominated by household waste. 
Currently, less than 2% of waste in Recife is recycled 
and the remaining 98% is destined for landfills. In 
2012, the waste sector was responsible for 24.1% of the 
city’s greenhouse gas emissions (excluding emissions 
from air and water transport, which fall outside the 
municipal authorities’ powers) (ICLEI, 2014).

The Impacts of ‘Business as Usual’ Trends

The rapid growth is projected to lead to carbon 
emissions from the waste sector increasing by 22.0%, 
from 855.22 ktCO2-e in 2014 to a forecast level of 
1130.20 ktCO2-e in 2030 (see Fig. 5).

The Potential for Carbon Reduction – 
Investments and Returns

We find that – compared to 2014 – these ‘business  
as usual’ trends in carbon emissions could be  
reduced by:

—	25.2% through cost-effective investments that 
would more than pay for themselves on 
commercial terms over their lifetime. This would 
require investment of BRL 811.04 million (USD 
345.26 million), generating annual savings of 
BRL 158.35 million (USD 67.41 million), paying 
back the investment in 5.1 years and generating 
annual savings for the lifetime of the measures.

—	38.1% through cost-neutral investments that 
could be paid for by re-investing the income 
generated from the cost-effective measures. This 
would require investment of BRL 1.03 billion 
(USD 440.17 million), generating annual savings 
of BRL 165.98 million (USD 70.66 million), 
paying back the investment in 6.2 years and 
generating annual savings for the lifetime of  
the measures. 

Figure 17: Emissions from waste under three different investment scenarios,  
                        indexed to 2014 emissions, between 2000 and 2030.
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Figure 16: Emissions from the waste sector (MtCO2-e) between 2000 and 2030
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Options Appraisal

Table 9. �League table of the cost-effectiveness of low carbon measures in the waste sector 
(BRL/tCO2-e and USD/tCO2-e).

Table 10. �League table of the carbon-effectiveness of low carbon measures in the waste sector 
(ktCO2-e).

Rank Measure: BRL USD

/tCO2-e /tCO2-e

1 Energy from waste (combined heat and power) -202.78 -86.32

2 Hybrid waste collection retrofit -151.26 -64.39

3 Energy from waste (electricity) -134.70 -57.34

4 Landfill gas utilisation -26.50 -11.28

5 Waste prevention - 10% of waste 1.99 0.85

6 Centralised composting 2.81 1.20

7 Waste prevention - 5% of waste 3.82 1.63

8 Landfill gas flaring 16.75 7.13

9 Recycling program - 40% 23.91 10.18

10 Home composting - 30% yield 64.85 27.61

11 Home composting - 15% yield 68.30 29.08

12 Recycling program - 20% 79.65 33.91

13 Incineration 216.11 92.00

Rank Measure: ktCO2-e

1 Centralised composting 7,878.44

2 Landfill gas utilisation 4,333.67

3 Landfill gas flaring 4,120.38

4 Energy from waste (combined heat and power) 3,661.55

5 Incineration 3,538.34

6 Energy from waste (electricity) 3,538.34

7 Home composting – 30% yield 2,541.35

8 Recycling program - 40% 2,438.34

9 Home composting – 15% yield 1,297.15

10 Recycling program - 20% 1,105.77

11 Prevention – 10% 1,133.51

12 Prevention - 5% 590.67

13 Hybrid waste collection retrofit 28.11

 Cost effective

 Cost neutral

 All others including (“cost ineffective” and those mutually exclusive with other measures)
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Introduction 

Many of the energy efficiency, renewable energy and 
other low carbon measures identified in this study 
should be attractive to private sector actors under 
business as usual conditions. This document identifies 
flagship low carbon measures and presents the 
business case for wider dissemination. We consider 
the costs, returns and risks for the following low 
carbon investments:

1. �Converting the existing bus fleet to hybrid vehicles 
by 2030

2. �Implementation of European Union carbon 
emission vehicle standards

3. Landfill gas utilisation

4. �100% LED lighting by 2030 for commercial and 
public buildings

5. �20% improvement in the energy efficiency of air 
conditioners

6. �20MW of residential rooftop panels with an 
efficiency of ~17%

There is a direct, private economic case for these 
energy efficiency and renewable energy measures. 
These investments would also enhance the economic 
competitiveness, energy security and carbon intensity 
of Recife. These examples demonstrate that 
accounting for climate change in business planning 
can be attractive in commercial terms, above and 
beyond the immense benefits of reducing the future 
impacts of climate change.

European Union carbon emission vehicle 
standards

This measure envisions that national policymakers in 
Brazil implement European Union carbon emissions 
vehicle standards set out in EU Regulation No 
443/2009. These regulations stipulate that light 
vehicle fleets produced by automakers emit, on 
average, 130gCO2/km from 2015 and of 95 CO2/km 
from 2021. For light commercial vehicles these 
regulations stipulate a standards of 175 CO2/km 
coming into effect in 2017 and a target of 147 CO2/
km by 2020. Based on an analysis of the Pernambuco 
vehicle stock age distribution and growth rate, it was 
determined that 43.53% of the vehicle stock in Recife 
would be affected by these standards by 2030.

This measure would avoid consumption of 279.80 
million litres of fuel, reduce energy expenditure by 
BRL 1.34 billion (USD 568.98 million) and reduce 
greenhouse gas emissions by 552.8 ktCO2-e. The 
economic case is presented in Table 12, assuming an 
annual increase of 2% in real energy prices and a real 
interest rate of 5%.

Converting the existing bus fleet to hybrid 
vehicles by 2030

This measure envisions that the existing bus fleet of 
Recife will be replaced with diesel-hybrid buses by 
2030. Drawing on case studies of hybrid bus 
implementation in Brazilian cites and consultation 
with members of Recife’s transport company, CBTU, 
hybrid buses are expected to operate at 40% higher 
efficiency than the average efficiency of the current 
bus fleet. Based on data on vehicle retirement rates, 
economic calculations assume that buses currently in 
the Recife fleet have an average life expectancy of 8 
years. Although hybrid buses are expected to have 
13% higher non-fuel operational costs and 77% higher 
capital costs they are also expected to have longer 
operational lifespans, conservatively estimated at 10 
years.

This measure would avoid consumption of 74.60 
million litres of fuel, reduce energy expenditure by 
BRL 283.89 million (USD 120.85 million) and 
reduce greenhouse gas emissions by 199.7 ktCO2-e. 
The economic case is presented in Table 11, assuming 
an annual increase of 2% in real energy prices and a 
real interest rate of 5%.

Key investment risks include:

1. �Falling fuel prices would reduce the expected rate 
of return.

2. �Declining ridership due to rising vehicle ownership 
would reduce the expected rate of return.

3. �Higher operating costs or maintenance costs 
than are typical would reduce the expected rate 
of return.

Chapter 5. 
The Business Case for Low-Carbon Investment

Table 11. The economic case for converting the bus fleet to hybrid vehicles in Recife. Table 12. The economic case for introducing EU carbon emission vehicle standards in Recife.

Key investment risks include:

1. �Falling fuel prices would reduce the expected rate  
of return.

2. �Negative impacts on domestic vehicle 
manufacturers if they cannot meet the carbon 
emission vehicle standards.

3. �Rebound effects (increased consumption due to 
lower costs) result in higher vehicle mileage and 
emissions, outweighing the economic and  
carbon savings.

4. Compatibilities with ethanol standards.

Net present 
value 
(USD)

Capital 
investment 
(USD)

Energy 
savings 
per year

Economic 
savings per 
year (USD)

Payback 
period 
(years)

Mid sized light 
duty vehicle

1987.15 4400.00 7136 KWh 723.01 6.1

Across the vehicle 
fleet by 2030

1626.49 million 709.22 million 2420.20 GWh 455.10 million 3.2

Net present 
value 
(USD)

Capital 
investment 
(USD)

Energy 
savings 
in 2030

Economic 
savings 
per year (USD)

Payback 
period 
(years)

127.53 million 609.10 million 724.14 GWh 71.34 million 6.8
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Landfill gas utilisation

This measure envisions the construction of landfill 
gas capture and electricity generation facilities at 
Jaboatão dos Guararapes municipal landfill. 
Considering the proportion of organic materials 
(approximately 55%), and the rate of waste 
production, it is assumed that 75% landfill gas 
collection could be achieved with an oxidation factor 
of 10% (due to landfill cover). Additionally, it is 
assumed that 10% of generated electricity is used on 
site. Based on these figures, Recife could generate 
116.32 GWh of electricity per year in 2030.

100% LED lighting by 2030 for commercial and 
public buildings

This measure envisions that all incandescent and 
compact fluorescent (CFL) lighting in commercial 
and public buildings will be replaced with light 
emitting diodes (LED) between 2015 and 2030. 
Assuming that the average CFL light bulb of 24W is 
replaced a LED bulb of 15W, this measure could 
reduce energy consumption from lighting by 37.5% in 
the public and commercial sector.

Due to the short lifespan of incandescent and CFL 
bulbs, this measure could be achieved within five 
years through the compulsory introduction of LED 
lighting. However, due to the relatively high capital 
cost of LED lights, we have assumed a replacement 
rate of 6.25% per year. While LED bulbs can cost up 
to seven times as much as their CFL counterparts, 
their lifespan is ten times longer (55,000 hours 
compared with 5,500 hours). Our calculations 
conservatively assume that the existing ban on 
incandescent light bubs has been effective and that 
LED bulbs would achieve 25% market penetration 
irrespective of policy interventions by 2030, based on 
falling production costs and improving luminosity. 

This measure would generate 116.32 GWh of 
electricity, generate BRL 63.04 million (USD 26.84 
million) of revenue and reduce greenhouse gas 
emissions by 324.6 ktCO2-e. The economic case is 
presented in Table 13, assuming an annual increase of 
2% in real energy prices and a real interest rate of 5%.

Key investment risks include:

1. �Falling electricity prices would reduce the expected 
rate of return.

2. �Declining waste production from the city would 
reduce the expected rate of return.

3. �Engineering challenges: a definitive engineering 
study will be required to determine the feasibility  
of investment.

This measure would avoid consumption of 148.37 
GWh of electricity, reduce energy expenditure by 
BRL 23.60 million (USD 10.04 million) and reduce 
greenhouse gas emissions by 16.7 ktCO2-e. The 
economic case is presented in Table 14, assuming an 
annual increase of 2% in real energy prices and a real 
interest rate of 5%.

Key investment risks include:

1. �Falling grid electricity prices would reduce the 
expected rate of return.

2. �Split incentives between commercial building 
owners and tenants may make mobilsing the 
necessary investment difficult.

3. Higher capital costs can deter prospective investors.

Table 13. The economic case for landfill gas utilisation in Recife. Table 14. �The economic case for installing 100% LED lighting in commercial and public buildings 
in Recife.

1 �LED units in a commercial building has an estimated cost of USD 274.03, while CFL units have an estimated cost of USD 93.50.
2 Includes annualised costs of replacing CFL bulbs, which have a much shorter lifespan than LED bulbs.

Net present 
value 
(USD)

Capital 
investment 
(USD)

Energy 
savings 
per year

Economic 
savings per 
year (USD)

Payback 
period 
(years)

Individual unit 168.52 180.53 1 32.85kWh 32.80 2 5.5

With 100% 
deployment by 2030

761.10 million 815.37 million 148.37 GWh 148.14 million 5.5

Net present 
value 
(USD)

Capital 
investment 
(USD)

Economic 
savings 
per year (USD)

Payback 
period 
(years)

88.08 million 40.49 million 148.14 million 2.03
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More efficient air conditioners

This measures envisions a 20% improvement in the 
average efficiency of air conditioners sold from the 
start of 2015. This could be achieved by banning 
Class D and E air conditioners under the existing 
PROCEL energy efficiency system (assuming equal 
market share among classes), or by banning Class E 
air conditioners and introducing endorsement 
labelling for Class A air conditioners. 

This measure would avoid consumption of 148.37 
GWh of electricity, reduce energy expenditure by 
BRL 23.60 million (USD 10.04 million) and reduce 
greenhouse gas emissions by 16.7 ktCO2-e. The 
economic case is presented in Table 15, assuming an 
annual increase of 2% in real energy prices and a real 
interest rate of 5%.

Rooftop solar PV panels

This measures envisions the installation of solar 
photovoltaic (PV) panels on 10% of residential 
buildings in Recife by 2030. This equates to 
approximately 3,400 households per year and a total 
of 54,400 households by 2030. We assume that each 
participating household would have a 3kW panel 
installed with an average efficiency of 17%. This 
would allow each household to generate approximately 
4.5MWh. This is conservative: rapid improvements in 
technical efficiency of solar panels means that 
households joining the scheme at a later date could 
likely generate more electricity with comparable 
installed capacity. 

This measure would generate 243.18 GWh of 
electricity, generate BRL 106.07 million (USD 45.2 
million) of gross revenue and reduce greenhouse gas 
emissions by 27.4 ktCO2-e. The economic case is 
presented in Table 16, assuming an annual increase of 
2% in real energy prices and a real interest rate of 5%.

Key investment risks include:

1. �Falling grid electricity prices would reduce the 
expected rate of return.

2. �Split incentives between commercial building 
owners and tenants.

3. �Rebound effects (increased consumption due to 
lower costs) outweighs the economic and  
carbon savings.

Key investment risks include:

1. �Extended periods of lower than expected energy 
production would reduce the expected rate  
of return.

2. �Falling grid electricity prices would reduce the 
expected rate of return.

3. �Extended operational failure may not be covered by 
normal maintenance warranties and contracts.

4. �Increasing the level of intermittent electricity 
generation could create load-balancing challenges 
for the electricity grid.

Table 15. The economic case for more efficient air conditioners in Recife.

Commercial and public sector

Residential sector

Table 16. The economic case for rooftop solar PV panels at the city-scale.

Net present 
value 
(USD)

Capital 
investment 
(USD)

Energy 
generated 
per year

Economic 
savings per 
year (USD)

Payback 
period 
(years)

Individual unit 15,975.74 9,093 4.5 MWh 616.39 14.8

With deployment on 
10% of residential 
buildings in 2030

209.06 million 494.94 million 243.2 GWh 33.55 million 14.8

Net present 
value 
(USD)

Capital 
investment 
(USD)

Energy 
savings 
per year

Economic 
savings per 
year (USD)

Payback 
period 
(years)

Individual unit 1,388.85 2,129 2.76 MWh 329.15 6.5 

With 100% 
deployment by 2030

205.34 million 314.76 million 408.0 GWh 48.66 million 6.5

Net present 
value 
(USD)

Capital 
investment 
(USD)

Energy 
savings 
per year

Economic 
savings per 
year (USD)

Payback 
period 
(years)

Individual unit 305.18 128 248.4kWh 34.27 3.7 

With 100% 
deployment by 2030

102.16 million 42.82 million 83.1 GWh 11.47 million 3.7 
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Chapter 6. 
Multi-criteria Analysis

Introduction 

While the presence of an economic and 
environmental case is an important condition for 
action, policy and investment decisions cannot  
be made on the basis of these criteria alone.  
The low carbon measures are ranked in Table 11 
according to their weighted score across five criteria: 
political and public acceptability, capacities for  
their implementation, their contribution to human 
development and their wider impacts on the 
environment. The full results of the MCA are  
detailed in Appendix E.

It is apparent that investments in low carbon transport 
and domestic energy efficiency perform very well 
when we consider these broader social and 
sustainability aspects. All measures identified below 
perform very well in terms of political and public 
acceptability, although the preferred measures in the 
domestic sector are not perceived to contribute to 
development and climate goals as much as the 
transport investments.

Table 17. �The ten most attractive low carbon measures available to the city of Recife based on broad 
political, social and environmental criteria.

Table 18. �The two most attractive low carbon measures in each sector of Recife based on broad 
political, social and environmental criteria.

R
an

k

M
ea

su
re

P
ol

it
ic

a
l 

ac
ce

p
ta

b
il

it
y

P
u

bl
ic

 
ac

ce
p

ta
b

il
it

y

C
ap

ac
it

ie
s 

fo
r 

im
p

le
m

en
ta

ti
on

Im
p

ac
t o

n
 

h
u

m
an

 
d

ev
el

op
m

en
t

Im
p

ac
t o

n
 

en
vi

ro
n

m
en

t

W
ei

gh
te

d
 s

co
re

1 Bike sharing 3.9 4.2 4.1 4.7 4.7 4.17

2 Investments to increase public transit use and safety 4.0 4.3 3.9 4.8 4.4 4.14

3 Air conditioner (EE Standard 1) 4.5 4.5 4.5 2.9 3.0 4.11

4 Air conditioner (EE Standard 2) 4.5 4.5 4.5 2.9 3.0 4.11

5 Refrigerator (EE Standard 1) 4.3 4.3 4.5 2.9 2.9 3.98

6 Refrigerator (EE Standard 2) 4.3 4.3 4.5 2.9 2.9 3.98

7 BRT - East West 4.2 4.4 3.5 4.3 3.9 3.91

8 BRT – North South 4.2 4.4 3.5 4.3 3.9 3.91

9 Bike lanes 3.6 4.1 3.9 4.1 4.3 3.90

10 Increase in bus service - 20% 3.9 4.9 3.4 4.2 4.0 3.90
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1 Bike sharing (2x current scheme) 3.9 4.2 4.1 4.7 4.7 4.17

2 Investments to increase public transit use and safety 4.0 4.3 3.9 4.8 4.4 4.14

3 Air conditioner – EE Standard 1 4.5 4.5 4.5 2.9 3.0 4.11

5 Refrigerator – EE Standard 1 4.3 4.3 4.5 2.9 2.9 3.98

11 LED street lighting 4.1 4.7 3.0 3.9 4.4 3.89

17 Waste prevention - 5% 3.7 3.8 3.3 4.2 4.4 3.72

18 Recycling program - 20% 3.8 4.2 3.1 4.2 4.4 3.69

23 Setting LED target of 100% by 2030 (commercial buildings) 3.4 3.9 2.9 4.1 4.4 3.94

 Cost effective

 Cost neutral

 All others including (“cost ineffective” and those mutually exclusive with other measures)
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Chapter 7. 
Discussion

Introduction 

Between 2000 and 2014, rapid economic growth in 
Recife (particularly of the services sector) led to 
relative decoupling between GDP, energy use and 
emissions in Recife. Indeed, the amount of energy and 
emissions required to generate a unit of GDP was 
reduced by a factor of three in each case. This relative 
decoupling enabled Recife to transition towards a 
more energy efficient and low carbon economy, 
indicating that substantial gains in human 
development can be achieved without a proportionate 
contribution to climate change.

However, looking forward to 2030, falling economic 
growth rates coupled with rising energy demand and 
almost constant carbon intensity of energy will see 
Recife regress towards more carbon-intensive 
development. Net emissions in Recife are projected to 
rise by 12.6% by 2020 and by 79.1% by 2030, relative 
to 2014 levels, under business as usual conditions.

Absolute levels of energy use are projected to rise at a 
rate of 4.8% per annum between 2014 and 2030. This 
will lead to an increase in energy bills of 7.2% per 
annum to BRL 6.50 billion (USD 2.77 billion) in 
2030, and an increase of net emissions of 4.0% per 
annum to 3.01 MtCO2-e per year over the same 
period. The major increases in energy costs are 
associated with the transport sector where fuels are 
relatively expensive. The most significant growth in 
emissions also comes from the transport sector, as 
rising incomes drive a substantial expansion of vehicle 
ownership. These figures suggest that Recife’s 
economic competitiveness and energy security would 
also be enhanced by climate mitigation options.

This study reveals a compelling economic case for 
large-scale investment in energy efficiency, renewable 
energy and other low carbon measures in Recife above 
and beyond these background trends. By 2030, the 
city can cut its emissions by 24.3% of projected 
emissions in the business as usual scenario through 
cost-effective investments that would pay for 
themselves on commercial terms in 5.6 years. If the 
profits from these investments are re-invested in low 
carbon measures, Recife can reduce their emissions 
31.0% relative to business as usual trends and recover 
its investment in 11.0 years. These low carbon 
measures would continue to generate annual savings 
throughout their lifetime. 

In addition to the economic case for low carbon 
investment, many of these measures support broader 
economic development goals. Some of the most 
cost-effective options in commercial sector, such as 
high efficiency air conditioners, would increase the 
competitiveness of the local economy by reducing 
expenditure on energy. Economically attractive 
measures in the transport sector, including an 
expansion of bus networks and adoption of higher 
efficiency standards for vehicles, would enhance 
urban mobility, increase resilience to volatile energy 
prices and improve air quality. Cost-effective options 
in the residential sector, including passive cooling and 
mandatory energy performance standards, could 
ensure that households also capture the economic 
benefits of low carbon investment. The prioritised 
menus of the most cost-effective measures therefore 
highlight a wide range of win-win opportunities for 
different stakeholders across key sectors in Recife.

In other cases, this research highlights that the most 
carbon-effective measures are not necessarily 
attractive to commercial investors. This is most 
evident in the waste sector where large-scale 
composting and recycling measures are not cost-
effective, but yield substantial carbon savings. These 
measures offer opportunities for strategic domestic 
investments and international climate finance to 
achieve dramatic improvements in emissions intensity 
without crowding out private investment.

It is worth highlighting that Brazil has set a national 
target of reducing emissions by between 36.1% and 
38.9% of emissions by 2020, relative to business as 
usual levels. Most of this is expected to come from 
improvements in forest governance. However, these 
results suggest that Recife could achieve comparable 
emissions reduction at no net cost to the city – albeit 
over the period 2015 to 2030. This underscores the 
untapped and substantial mitigation potential in 
Brazilian cities.

The rising energy intensity of GDP and per capita 
carbon emissions highlights that Recife is slowly 
shifting to a higher carbon development trajectory. 
This trend could be arrested through strategic 
investments in energy efficiency, mass transit, 
renewable energy and other low carbon measures. 
The compelling economic case for low carbon 
investment, coupled with growing public engagement 
with environmental issues, provide a strategic 
opportunity to integrate climate considerations into 
urban planning. 

Conclusions and Recommendations

Business as usual trends in Recife will lead to a steady 
increase in the energy intensity of economic activity in 
the city. At the same time, absolute levels of energy use 
and emissions are continuing to rise steadily due to the 
effects of population and economic growth. Energy 
bills are also increasing steadily, which will have 
significant implications for economic competitiveness 
and social equity.

This research reveals that there are many 
economically attractive opportunities to increase 
energy efficiency and stimulate renewable energy 
investment, which would in turn improve the 
economic competitiveness, energy security and 
carbon intensity of Recife. The scale of the 
opportunities demonstrates that accounting for 
climate change in urban planning can be attractive  
in commercial terms, above and beyond the  
immense benefits of reducing the future impacts  
of climate change.

Clearly the presence of such opportunities does not 
mean that they will necessarily be exploited. But we 
hope that by providing evidence on the scale and 
composition of these opportunities, this report will 
help to build political commitment and institutional 
capacities for change. We also hope this report will 
help Recife to secure the investments and develop  
the delivery models needed to pursue climate action. 
Some of the energy efficiency and low carbon 
opportunities could be commercially attractive  
whilst others may only be viable with international 
climate finance. Many of the opportunities would 
benefit from the support of enabling policies  
from government.

We stress that economic considerations should not 
shape the transition to a low carbon development 
model in urban Brazil. Decision-makers should also 
consider issues relating to the equity, inclusivity and 
broader sustainability of the different options, as 
outlined in our multi-criteria appraisal. However, we 
understand that the presence of a compelling 
economic case is often necessary for decision-makers 
to consider the broader case for investment. We 
therefore hope that this evidence base on the 
opportunities for low carbon investment in Recife 
helps to mobilise political will for and public interest in 
ambitious climate action in Recife.
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Activity Projection method Useful data
Electricity generation 
and emissions factor 
estimates

Electricity generation and emissions factor 
data were obtained from the Brazilian 
Ministry of Science and Technology 
(MCTI, 2014) and the UK Department for 
Environment, Food & Rural Affairs 
(DEFRA, 2009). Projections through to 
2030 were informed by World Bank 
estimates of changes in generation capacity 
in Brazil through 2030 (Yepez-García et 
al., 2010; Tolmasquim, 2012).

The carbon intensity of electricity in 
Recife is estimated to be:

– 2014: 0.098 tCO2-e/MWh
– 2030: 0.113 tCO2-e/MWh

Energy prices Nominal energy prices in Brazil between 
2000 and 2012 were obtained from 
Ministério de Minas e Energia and Empresa 
de Pesquisa Energética (EPE, 2009, 2014). 
Where necessary, these were converted to 
USD using the average annual midpoint 
exchange rate provided by OANDA for each 
year (OANDA, 2014). Nominal prices were 
converted into real prices with 2013 as the 
base year using the World Bank Consumer 
Price Index (World Bank, 2014).

The real electricity price in USD per 
MWh in 2014 for each tariff is:

– residential: 260.7 
– public lighting: 103.7 
– �RCH bodies and agencies:184.0 
– commercial: 176.0 
– public power: 191.2
– public service: 125.8 
– industrial: 186.7

The real price in USD in 2014 for 
other energy sources is:

– LPG: 1,709/ton 
– natural gas: 690.6/thou m3

– fuel oil: 580.1/ton
– gasoline: 1,546.9/m3

– diesel: 1,180.1/m3

– ethanol: 1,098.3m3

– biodiesel: 1,215.5m3

Commercial sector Data on energy consumption by fuel type 
in Recife in 2012 were obtained from 
ICLEI (2014). Data on changing rates of 
electricity consumption between 2006 and 
2012 within Pernambuco were obtained 
from Ministério de Minas e Energia (EPE, 
2011, 2013). Data on changing 
consumption rates of LPG, natural gas and 
oil at a national scale between 2000 and 
2012 were obtained from Ministério de 
Minas e Energia and Empresa de Pesquisa 
Energética (EPE, 2009, 2014). 

Commercial electricity 
consumption in 2014 was 
1.80TWh, divided among the 
public lighting (5.5%), traffic signs 
(<0.1%), RCH bodies and agencies 
(1.6%), commercial (71.6%), public 
power (16.0%) and public service 
(5.3%) tariffs. In the same year, the 
sector also consumed 5,472 tons of 
LPG and 490.3m3 of natural gas.

Residential sector Data on energy consumption by fuel type 
in Recife in 2012 were obtained from 
ICLEI (2014). Data on changing rates of 
electricity consumption between 2006 and 

In 2014, the residential sector in 
Recife consumed 1.31TWh of 
electricity, 43,060 tons of LPG and 
3,041m3 of natural gas.

Activity Projection method Useful data
Residential sector 
continued

2012 in Pernambuco were obtained from 
Ministério de Minas e Energia (EPE, 2011, 
2013). Data on changing consumption 
rates of LPG and natural gas at a national 
scale between 2000 and 2012 were 
obtained from Ministério de Minas e 
Energia and Empresa de Pesquisa 
Energética (EPE, 2009, 2014).

Industrial sector Data on energy consumption by fuel type in 
Recife in 2012 were obtained from ICLEI 
(2014). Data on changing rates of electricity 
consumption between 2006 and 2012 in 
Pernambuco were obtained from Ministério 
de Minas e Energia (EPE, 2011, 2013). Data 
on changing consumption rates of LPG, oil 
and natural gas at a national scale between 
2000 and 2012 were obtained from 
Ministério de Minas e Energia and Empresa 
de Pesquisa Energética (EPE, 2009, 2014).

In 2014, the industrial sector in 
Recife consumed 237.34GWh of 
electricity, 4151.6 tons of LPG, 63.7 
million m3 of natural gas and 861.1m3 
of oil.

Transport sector Data on energy consumption by fuel type 
in Recife in 2012 were obtained from 
ICLEI (2014). Data on changing 
consumption rates of gasoline, diesel, 
ethanol, vehicular natural gas and biodiesel 
at a national scale between 2000 and 2012 
were obtained from Ministério de Minas e 
Energia and Empresa de Pesquisa 
Energética (EPE, 2009, 2014).

In 2014, the transport sector in 
Recife consumed 3.91TWh of 
gasoline, 2.2TWh of diesel, 
493.4GWh of ethanol and 
212.3GWh of vehicular natural gas.

Waste sector Data on waste generation, waste 
composition and recycling rates in 2012 
were provided by the Recife Urban 
Cleaning and Maintenance Unit 
(EMLURB) and ICLEI (2014). 
Projections of changes in waste production 
and composition are based on World Bank 
estimates (Hornweg and Bhada-Tata, 
2012). 2006 IPCC Guidelines for National 
Greenhouse Gas Inventories and the GHG 
Protocol for Community Scale GHG 
Emissions formed the basis of the 
calculation of greenhouse gas emissions 
(IPCC, 2006; Connor et al., 2012).

In 2014, Recife generated 826,840 
tonnes of waste. 

Waste composition:

– Household: 68.4%
– �Bulk waste (industry, commercial 

and construction): 29.9%
– �Organic city maintenance waste: 

1.4%
– Healthcare: 0.1%

Exchange rate Exchange rates were based on the midpoint 
annual averages for 2000 – 2014 from 
OANDA (2015). The 2014 exchange rate 
was used for all projections.

2014 exchange rates:
BRL/USD: 0.4257
USD/BRL: 2.3475

Appendix B: 

Data Sources, Methods and Assumptions
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The Commercial and Public Sector

Measure Summary and key assumptions

Energy efficient air 
conditioners

Air conditioners are responsible for about 70% of energy consumption by 
commercial buildings in Brazil (Carvalho et al., 2010). This proportion is 
assumed to be constant in the business as usual scenario to 2030. We calculated 
average efficiency and energy use at a building level by reverse engineering from 
data about number of commercial buildings (figures provided by the Recife 
Department of Development and Urban Planning) and total energy use between 
2000-2010, and then forecast this to 2030 to determine BAU energy 
consumption for individual air conditioners.

Two mandatory energy performance standards are modelled: 

— �EE Standard 1. Savings calculated here consist of 10% of business-as-usual 
energy consumption for new air conditioners. This has approximately the 
same impact as introducing endorsement labelling for Class A air conditioners 
or of banning Class E air conditioners under the existing PROCEL system, 
assuming equal market share among classes and using the minimum 
coefficients of performance for each class from Cardosa et al. (2012).

— �EE Standard 2. Savings consist of 20% of business-as-usual energy 
consumption for new air conditioners. This has approximately the same 
impacts as banning Class D and E air conditioners under the existing 
PROCEL system, assuming equal market share among classes and using  
the minimum coefficients of performance for each class from Cardosa  
et al. (2012).

Energy savings are calculated over a fifteen year lifetime, with a consequent 
retirement rate of 6.7% per year. Observed prices online and in outlet stores in 
Sao Paolo suggested that price differentials among air conditioners are not based 
on energy efficiency ratings. An tadditional cost of BRL2,000 per building was 
assumed with EE1 standards for air conditioners and of BRL5,000 per building 
with EE2 standards for air conditioners. This is conservative, since highly 
efficient options were available at no significant additional cost.

Energy efficient 
elevators and escalators

Escalators and elevators typically account for 3-8% of a commercial buildings’ 
electricity consumption (e4 project, 2010). We have therefore assumed 5.5% of 
electricity sold under the commercial and public service tariffs in Recife is used to 
power escalators and elevators. We model two standards of energy efficiency for 
elevators and escalators in new buildings:

– EE Standard 1. Savings consist of 20% business-as-usual energy consumption. 
– �EE Standard 2. Savings consist of 40% of business-as-usual energy 

consumption. 

These figures are based on data from De Almeida et al. (2012) which suggest that 
technical efficiency potentials of more than 60% exist for elevators and around 
30% for escalators. We assume no difference in capital cost for more efficient 
models, using data from the e4 Project (2010).
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The Commercial and Public Sector 
continued

Measure Summary and key assumptions

Green building 
standards

There are a wide range of options available to reduce energy consumption by this 
much including (but not limited to) building orientation, building form, height-
to-floor-area ratio, window-to-wall area ratios, insulation levels, window 
properties, use of thermal mass within buildings and passive ventilation/cooling.

We model two levels of energy savings:
— �Green Building Standard 1: savings consist of 10% of energy consumed by air 

conditioners.
— �Green Building Standard 2: savings consist of 20% of energy consumed by air 

conditioners.

Many energy efficiency options would have no additional cost if integrated at the 
design and construction stages, but to be conservative, we have assumed an 
additional cost of USD2/m2 to meet Green Building Standard 1, and USD5/m2 
to achieve Green Building Standard 2.

Air conditioners are assumed to account for 70% of electricity consumption by 
commercial buildings in Brazil under business-as-usual conditions (Carvalho et 
al., 2010). The share of energy consumption by air conditioners in the 
commercial sector has been growing steadily from around 20% in the late 1990s, 
although even then air conditioners already accounted for over half of 
consumption in large office buildings, shopping centres and hotels (Geller et al., 
1998). Energy savings are calculated to 2040.

LED street lighting Total savings of 58% from full deployment of LED lights are estimated. This was 
the average from a trial of 12 cities, with a range of 50-70% (The Climate Group, 
2012). Drawing on data from the US Office of Energy Efficiency and Renewable 
Energy, the cost of an LED street light was assumed to be USD274.03 compared 
with USD97.50 for a standard bulb (Department of Energy, 2014).

Retrofit with double 
glazing plus insulation

Double glazing with reflective windows and polystyrene insulation in commercial 
buildings cuts 4.95% of electricity consumption by air conditioners and 3.31% of 
total electricity consumption, based on a Brazilian case study (Carvalho et al., 
2010). Four scenarios are modelled: 

— Retrofitting 10% of existing commercial buildings;
— Retrofitting 20% of existing commercial buildings;
— Retrofitting 50% of existing public buildings; and
— Retrofitting 100% of existing public buildings.

In both scenarios, the retrofit program is delivered over three years (2015-2017). 
Costs were calculated from a value of CAD140/m2 (Harvey, 2009), with a total 
commercial and public building floor space of 15,445,915m2 in Recife. This figure 
was provided by staff in the Department of Development and Urban Planning for 
the city.

Measure Summary and key assumptions

Setting LED targets for 
indoor lighting

Savings consist of saved energy if a target of 100% LED lighting is effectively 
realised in commercial and public buildings by 2030. The model assumes the 
existing ban on incandescent light bubs has been effective (a conservative 
assumption since up to 50% of Brazilian households still had incandescent bulbs 
in their house in 2013, according to Vahl et al. (2013)) and that LED bulbs would 
achieve 25% market penetration irrespective of policy interventions by 2030, 
based on falling production costs and improving luminosity. Energy 
consumption by lighting from 2015-2030 is assumed to be 20% of BAU 
consumption by commercial and public buildings, a conservative estimate based 
on US levels of 21.7% (Department of Energy, 2011). The average CFL light 
bulb is assumed to be 24W, being replaced a LED bulb of 15W. An LED light 
bulb in 2014 has a cost of BRL130 and a lifespan of 50,000 hours; a CFL light 
bulb in 2014 has a cost of BRL18 and a lifespan of 5,500 hours (Vahl et al., 2013).

Solar PV panel: a-Si 
(amorphous silicon)

20kW rooftop solar PV panel modelled. Average conversion efficiency of 6.3%. 
Average generation of 140MWh per panel. Electricity feeds into the public grid 
30% of the time (Ordenesa et al., 2007). Two scenarios are modelled:

— Target of additional 10MW installed capacity by 2030.
— Target of additional 20MW installed capacity by 2030.

The price of a 20kWp a-Si solar PV panel in the commercial sector is based on the 
minimum technology costs in EPE (2012) (due to the low conversion efficiency of 
the technology), plus 20% installation, fee and import tax costs. No feed-in tariff is 
considered because the cost per MWh of rooftop solar is already below retail 
electricity prices (FS-UNEP and BNEF, 2014).

Solar PV panel: HIT 
(heterojunction comprised 
of a thin a-Si PV cell on top 
of a c-Si cell)

20kW rooftop solar PV panel modelled. Average conversion efficiency of 17%. 
Average generation of 256.5MWh per solar panel. Electricity feeds into the public 
grid 30% of the time (Ordenesa et al., 2007). Two scenarios are modelled:

— Target of additional 10MW installed capacity by 2030.
— Target of additional 20MW installed capacity by 2030.

The price of a 20kW HIT solar PV panel in the commercial sector is assumed to be 
proportionate to the price of a 3kW HIT solar PV panel in ABINEE (2012) (i.e. 
the same cost multiplied by 20/3), which does not specify the technology but has a 
comparable conversion efficiency.  No feed-in tariff is considered because the cost 
per MWh of rooftop solar is already below retail electricity prices (FS-UNEP and 
BNEF, 2014).

Turning off indoor lights Savings consist of the energy used for one hour of lighting per day. The average 
light bulb in the commercial and public sector is used for an estimated ten hours 
per day.
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The Domestic Sector

Measure Summary and key assumptions

Energy efficient air 
conditioners

Data on ownership and use of air conditioners in Brazil between 1998 and 2005 
were collected from Electrobras (1998) and McNeil and Letschert (2010), along 
with a projected level of air conditioner ownership in 2030. Two competing 
trends are at play. While Brazilian air conditioners are showing improved energy 
efficiency – the average energy efficiency rating (EER) in 2005 was 2.84 out of 5, 
but this is expected to rise to 3.2 out of 5 by 2010 (McNeil MA, Letschert, VE. 
2008) – use of air conditioners is increasing with income. We reverse engineered 
the average efficiency of household air conditioners in 1997 and 2010 based on 
data about number of households (figures provided by the Recife Department of 
Development and Urban Planning) and the data on levels of ownership and use, 
and then forecast this to 2030 to determine BAU energy consumption. 

Two mandatory energy performance standards are modelled:
 
— �EE Standard 1. Savings calculated here consist of 10%, 20% and 30% of 

business-as-usual energy consumption in 2015, 2020 and 2025 respectively. 
This has approximately the same impact as introducing endorsement labelling 
for Class A air conditioners or of banning Class E air conditioners under the 
existing PROCEL system, assuming equal market share among classes and 
using the minimum coefficients of performance for each class from Cardosa et 
al. (2012).

— �EE Standard 2. Savings consist of 20%, 40% and 60% of business-as-usual 
energy consumption in 2015, 2020 and 2025 respectively. This has 
approximately the same impacts as banning Class D and E air conditioners 
under the existing PROCEL system, assuming equal market share among 
classes and using the minimum coefficients of performance for each class from 
Cardosa et al. (2012).

Energy savings are calculated over a fifteen year lifetime, with a consequent 
retirement rate of 6.7% per year. Observed prices online and in outlet stores in 
Sao Paolo suggested that price differentials among air conditioners are not based 
significantly on energy efficiency ratings. In the absence of standard price 
differences and with an observed price range of BRL1,000-1,500 for a 2.6kW 
model, an additional cost of BRL150 was assumed with EE1 standards and of 
BRL300 with EE2 standards. This is conservative, since highly efficient options 
were available at no significant additional cost.

Energy efficient 
refrigerators

Data for ownership of refrigerators in Northeast Brazil between 2000 and 2007 
were collected from Achão and Schaeffer (2009). Growth rates to 2030 were 
projected using a forecast function, which produced an average growth rate of 
0.7%.  PARC energy efficiency for refrigerators in Northeast Brazil for 2010 is 
based on data from Cardoso et al. (2010), assuming equal market share among 
the five classes (A-E) of energy efficiency and an average size of 250L per 
refrigerator is assumed. Background energy efficiency improvements of 1.9% are 
assumed, based on those provided for 1990-2005 in Cardoso et al. (2010) and 
excluding those years where MEPS were introduced.

Brazil has already established mandatory energy performance standards 
(MEPS) for refrigerators. These consist of abolishing the lowest efficiency classes 
(F and G), mandatory labelling of energy consumption and endorsing highly 
efficient appliances.

Measure Summary and key assumptions

Energy efficient 
refrigerators 
continued

Two additional MEPs are modelled: 

— �EE Standard 1. Savings calculated here consist of 10%, 20% and 30% of 
business-as-usual energy consumption in 2015, 2020 and 2025 respectively. 
Based on the energy consumption of different classes of refrigerators in 
Cardoso et al. (2010), this is approximately equivalent to banning the sale of 
Class E refrigerators as categorised the current PROCEL system.

— �EE Standard 2. Savings consist of 20%, 40% and 60% of business-as-usual 
energy consumption in 2015, 2020 and 2025 respectively. Based on the energy 
consumption of different classes of refrigerators in Cardoso et al. (2010), this 
is approximately equivalent to banning the sale of Class D and E refrigerators 
as categorised the current PROCEL system.

These savings are conservative compared with the technical potential calculated 
by de Melo and de Martino Jannuzzi (2010). Energy savings are calculated over a 
fifteen year lifetime.

Energy efficient 
televisions

Data for ownership of televisions in Northeast Brazil between 2000 and 2007 
were collected from Achão and Schaeffer (2009). The growth rate of sales to 
2030 was based on a macroeconomic model produced by Park (2011). Data on 
average energy consumption by televisions in Brazil in 2012 and 2015 were 
obtained from Park (2011). These figures reveal a slight decrease in per unit 
consumption, which Park attributes due to a large-scale technological transition 
from CRT to LCD and CCFL-LCD to LED-LCD. However, in the longer 
term, efficiency gains are likely to be offset by increasing screen size so BAU per 
unit energy consumption has been held constant at 2015 levels.

Two MEPS are modelled: 
1. �EE Standard 1. Savings calculated here consist of 10%, 20% and 30% of 

business-as-usual energy consumption in 2015, 2020 and 2025 respectively. 
2. �EE Standard 2. Savings consist of 20%, 40% and 60% of business-as-usual 

energy consumption in 2015, 2020 and 2025 respectively. 

These savings are conservative based on the technical potential at no net cost 
with current LED-LCD televisions, which are expected to make up 80% of 
Brazilian new purchases by 2015 (Park et al., 2013). Energy savings are 
calculated over a ten year lifetime.

Energy efficient 
washing machines

Data for ownership of washing machines in Northeast Brazil between 2000 and 
2007 were collected from Achão and Schaeffer (2009). Growth rates to 2030 
were projected using a forecast function, which produced average growth rates  
of 1.5%.

Two MEPS are modelled: 
— �EE Standard 1. Savings calculated here consist of 5%, 10% and 15% of 

business-as-usual energy consumption in 2015, 2020 and 2025 respectively. 
Based on the energy consumption of different classes of washing machines in 
ISIS (2007), this is approximately equivalent to banning the sale of Class E 
washing machines as categorised the current PROCEL system.

— �EE Standard 2. Savings consist of 10%, 20% and 30% of business-as-usual 
energy consumption in 2015, 2020 and 2025 respectively. Based on the energy 
consumption of different classes of washing machines in ISIS (2007), this
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Measure Summary and key assumptions

Energy efficient 
washing machines

is approximately equivalent to banning the sale of Class D and E washing 
machines as categorised the current PROCEL system. 

Energy savings are calculated over a fifteen year lifetime, and based on 4 cold 
washes of 7kg each per week per household, using an automatic frontloading 
machine. Observed prices online and in outlet stores in Sao Paolo suggested that 
price differentials among washing machines are not based significantly on energy 
efficiency ratings. In the absence of standard price differences and with an 
observed price range of BRL2,100-3,000 for an 8.5kg front loading model, an 
additional cost of BRL300 was assumed with EE1 standards and of BRL600 
with EE2 standaards. This is conservative, since highly efficient options were 
available at no significant additional cost.

Energy management of 
appliances 

Stand-by and low-power-mode use by consumer electronics is re- sponsible for 
about 10 % of residential and service power demand in Brazil (Volpi et al., 2006). 
Savings from energy management are therefore based on saving 5% of residential 
power demand in Recife.

Passive cooling building 
design (high albedo 
surfaces)

Adopting high albedo surfaces refers to covering external surfaces with 
whitewashed acrylic latex coating to reflect heat. This is estimated to reduce heat 
gain and therefore cooling loads from south-oriented horizontal surfaces by 57% 
in Recife for a typical building (walls are assumed to be made of 100-mm thick 
ceramic blocks covered with 10-mm plaster layers on both sides (U = 1.8–2.5 W/
m2 K), while the building slab made of dry gravel concrete was 100 mm thick (U 
= 2–2.79 W/m2 K))), (Oliviera et al., 2009). There is no increase in building 
costs. Energy savings are calculated to 2040.

Passive cooling building 
design (insulation)

Installing 20mm cotton wool insulation boards in new buildings would reduce 
heat gain and therefore cooling loads by 55% by 57% in Recife for a typical 
building (walls are assumed to be made of 100-mm thick ceramic blocks covered 
with 10-mm plaster layers on both sides (U = 1.8–2.5 W/m2 K), while the 
building slab made of dry gravel concrete was 100 mm thick (U = 2–2.79 W/m2 

K) (Oliviera et al., 2009). A cost of USD 2/m2 is used based on wholesale average 
costs from Alibaba.com. Energy savings are calculated to 2040.

Passive cooling building 
design (evaporative 
cooling via porous roofs)

Establishing evaporative cooling reduces heat gain and therefore cooling loads 
from horizontal surfaces (roofs) by 67% in Recife for a typical building (walls are 
assumed to be made of 100-mm thick ceramic blocks covered with 10-mm 
plaster layers on both sides (U = 1.8–2.5 W/m2 K), while the building slab made 
of dry gravel concrete was 100 mm thick (U = 2–2.79 W/m2 K) (Oliviera et al., 
2009). In this example, we have modelled low cost porous roofs (such as porous 
silica, expanded shale, coconut coir or shredded tires) as the evaporative cooling 
technique. The porous layer retains rainwater, which is released via evaporation 
in the heat. The evaporation releases latent heat, reducing the daily temperature 
of the roof by 6.8-8.6°C and correspondingly reducing heat flux from the roof 
slab to the building’s interior (Wanphen and Nagano, 2009). This option has 
been selected because it is has less structural challenges due to its light weight 
than a green roof (i.e. one covered with vegetation), as well as requiring less 
maintenance. Some of the roof materials are freely available, but cost is assumed 
to be USD 1/m2. Shallow water ponds and water towers would be alternative 
evaporative cooling strategies. Energy savings are calculated to 2040.

Measure Summary and key assumptions

Passive cooling building 
design (high albedo and 
evaporative cooling)

Combining high albedo and evaporating cooling strategies is estimated to reduce 
heat gain and therefore cooling loads from south-oriented horizontal surfaces by 
91% in Recife for a typical building (specified above), (Oliviera et al., 2009).  
The costs incurred are equal to those with evaporative cooling techniques (no 
extra costs associated with high albedo surfaces). Energy savings are calculated 
to 2040.

Setting LED target Savings consist of saved energy if a target of 50% LED lighting is effectively 
realised in residential buildings by 2030. The model assumes the existing ban on 
incandescent light bubs has been effective (a conservative assumption since up to 
50% of Brazilian households still had incandescent bulbs in their house in 2013, 
according to Vahl et al. (2013)) and that LED bulbs would achieve 25% market 
penetration irrespective of policy interventions, based on falling production costs 
and improving luminosity. The average CFL light bulb is assumed to be 24W, 
being replaced a LED bulb of 15W. An LED light bulb in 2014 has a cost of 
R$130 and a lifespan of 50,000 hours; a CFL light bulb in 2014 has a cost of 
R$18 and a lifespan of 5,500 hours (Vahl et al., 2013).

Solar PV panel: a-Si 
(amorphous silicon)

Solar panel assumed to cover 95% of a roof (average size 288m2). Average 
conversion efficiency of 6.3%. Average generation of 20MWh per household. 
Electricity feeds into the public grid 30% of the time (Ordenesa et al., 2007). Two 
scenarios are modelled:

— Target of 10% of households with solar PV panels.
— Target of 20% of households with solar PV panels.

The price of a 3kWp a-Si solar PV panel in the residential sector is based on the 
minimum technology costs in EPE (2012) (due to the low conversion efficiency 
of the technology), plus 20% installation, fee and import tax costs. No feed-in 
tariff is considered because the cost per MWh of rooftop solar is already below 
retail electricity prices (FS-UNEP and BNEF, 2014). We assume a lifespan of 20 
years for each solar PV panel.

Solar PV panel: HIT 
(heterojunction 
comprised of a thin  
a-Si PV cell on top  
of a c-Si cell)

Solar panel assumed to cover 95% of a roof (average size 288m2). Average 
conversion efficiency of 17%. Average generation of 51.3MWh per household. 
Electricity feeds into the public grid 30% of the time (Ordenesa et al., 2007).

— Target of 10% of households with solar PV panels.
— Target of 20% of households with solar PV panels.

The price of a 3kWp HIT solar PV panel in the residential sector is based on data 
in ABINEE (2012), which does not specify the technology but has a comparable 
conversion efficiency. No feed-in tariff is considered because the cost per MWh 
of rooftop solar is already below retail electricity prices (FS-UNEP and BNEF, 
2014). We assume a lifespan of 20 years for each solar PV panel.

Turning off lights Savings consist of the energy used for one hour of lighting per day. The average 
light bulb in the domestic sector is used for an estimated five hours per day 
(Pereira and de Assis, 2013).

The Domestic Sector 
continued
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The Transport Sector

Measure Summary and key assumptions

Bike lanes (56km) We model the impacts of extending Recife’s 20km of cycle lanes to 56km. Capital 
costs and maintenance costs are estimated using the Bogota Cicloruta as a case 
study (C40, 2013). Impacts on transport modal share are estimated from a 
combination of focus groups, consultation with members of the transport 
industry in Recife, the C40 Bogota case study (2013) and academic literature on 
the impact of bike lanes on urban transport in a Brazilian context (Medeiros & 
Duarte, 2013). Information on the current biking scheme in Recife is drawn from 
local government agencies and ICLEI (GRT, 2014; ICLEI, 2014).

Bike sharing 
(2x current scheme)

Recife current bike sharing scheme is doubled in size. The cost of expanding 
network and potential revenue streams from advertising and subscriptions are 
drawn from Dias (2010). This impact on transport modes in Recife is informed 
by focus groups, consultation with members of the transport industry in Recife 
and academic literature on cycling in Brazilian cities (Dias, 2010; Medeiros & 
Duarte, 2013).

Bus Rapid Transit 
(BRT)

For the planned, but incomplete North-South and East-West expansions, data on 
load factors, distance and capital costs are drawn from NTU (2013). Fuel 
efficiencies for the BRT were based on consultation with local stakeholders. 
Distance travelled per year is obtained from MINC (2013). An expansion of the 
current network by 20km is modelled using the average capital costs and 
ridership figures per km from the North-South and East-West expansions. 
Efficiency factors for this expansion, as well as operating costs are drawn from 
Lindau (2013) and Duduta (2012).

CNG taxis 
(100% by 2030)

Petrol taxis are converted to CNG progressively over the period 2015-2030. 
Capital costs are estimated through consultation. Efficiency values for vehicles 
converted to CNG are drawn from Colnago (2011). The number of taxis and 
their age distribution in Recife is drawn from local government agencies 
(DETRAN, 2014; GRT 2014). The proportion of taxis that are currently  
CNG and the average distance travelled per month are obtained from personal 
consultation. Vehicle efficiency factors are drawn from the ICLEI emissions 
inventory for Recife and the Ministério de Minas e Energia and Empresa de 
Pesquisa Energética, Companhia Brasileira de Trens Urbanos  
(EPE, 2009, 2013a)

CNG vehicles — 50% by 
2030

50% of petrol passenger vehicles are retrofit to petrol-CNG by 2030. Efficiency 
values for vehicles converted to CNG are drawn from Colnago (2011). Vehicle 
numbers, type and age are drawn from the ICLEI emissions inventory data and 
(CBTU, 2013; GRT 2014). Vehicle efficiency factors are otbained from the 
ICLEI emissions inventory for Recife and the Ministério de Minas e Energia and 
Empresa de Pesquisa Energética, Companhia Brasileira de Trens Urbanos (EPE, 
2009, 2013a).

Converting bus fleet to 
CNG, hybrids or 
biodiesel by 2030

Recife’s diesel bus fleet is converted progressively over the period 2015-2030 to 
CNG, hybrid or biodiesel buses. Data on Recife’s current bus fleet, vehicle 
efficiencies and rate of vehicle turnover are found in the ICLEI emissions 
inventory and acquired from local government agencies (CBTU, 2013; EMTU, 
1997, GRT 2014). CNG, hybrid and biodiesel technologies are chosen as 
alternative technologies to be assessed through consultation with members of the 
Recife transport agency, CBTU, and from a review of case studies of alternative 
bus technologies in Brazilian cities (D’Agosto, 2011-2013). Capital costs, 
maintenance costs, vehicle efficiencies and operating lifespans are drawn from 
Brazilian case studies (D’Agosto, 2011-2013).

Measure Summary and key assumptions

EU carbon emission 
vehicle standards

We model the impact of Brazil adopting EU standards for carbon emissions from 
passenger vehicles and light trucks (ICCT, 2014). The rate of vehicle turnover is 
derived from data on the distribution of the vehicle stock by age in Recife 
DETRAN (2014), and the rate of change of the total vehicle stock in Recife 
(CBTU, 2013; GRT 2014). Results are modelled against a baseline scenario in 
which the fleet maintains its historic rate of improvement in fuel efficiency (Wills, 
2010; Melo, 2010).

Increase in bus service 
(diesel, CNG and hybrid 
options)

In these measures Recife’s bus fleet is expanded progressively over the period 
2015-2030 20% or 40%, with either CNG, hybrid or conventional diesel buses. 
Data on Recife’s current bus fleet, vehicle efficiencies and rate of vehicle turnover 
are found in the ICLEI emissions inventory and acquired from local government 
agencies (CBTU, 2013; EMTU, 1997, GRT 2014). CNG and hybrid 
technologies are chosen as alternative bus technologies to be assessed through 
consultation with members of the Recife transport agency, CBTU, and from a 
review of case studies of alternative bus technologies in Brazilian cities 
(D’Agosto, 2011-2013). Capital costs, maintenance costs, vehicle efficiencies  
and operating lifespans are drawn from Brazilian case studies  
(D’Agosto, 2011-2013).

Investments to increase 
public transit use and 
safety

Public safety concerns emerged from the workshops as a major concern of public 
transit users, and a barrier to increasing ridership. We therefore evaluate the 
impact of a bundle of safety improvement, including improved lighting, sidewalk 
extensions, security alarms installed at the most dangerous locations and 
increased police presence, are modelled. Cost and impacts on ridership are 
estimated based on consultation based on conservative assumptions of the 
potential for modal shift towards public transport.

Mandatory fuel 
efficiency labelling

In this measure the impact of Brazil’s voluntary labelling program being made 
mandatory is modelled for Recife. Key academic literature investigating Brazil’s 
labelling program (Wills, 2010; Novgorodcev, 2010), as well as personal 
consultation, inform the expected impact on vehicle purchases in Recife. Results 
are modelled against a baseline scenario in which the fleet maintains its historic 
rate of improvement in fuel efficiency (Wills, 2010; Melo, 2010).

Metro expansion The existing metro is expanded 10km through Recife’s downtown core. Capital 
costs are estimated based on the per km cost of Sao Paulo’s recent metro 
expansion (Railway Gazette, 2013). Maintenance and operation costs, and 
ridership numbers are drawn from figures for the existing metro, consultation 
with local government, figures from the existing metro system in Recife and 
analysis from the World Bank (CBTU, 2013; EMTU, 1997, GRT 2014; Soares 
et al. 2011).

Subsidy for scrapping 
old vehicles

In these measures a subsidy of USD1,000 is provided to vehicle owners for 
retiring vehicles more than 20 years old, a fraction which currently represents 
nearly 20% of vehicles. Two versions of this measure are presented. In the first, 
the subsidy is conditional only on proof of retiring the vehicle. In the second 
version, the subsidy is conditional on purchasing a hybrid replacement vehicle. 
Travel distances by vehicle age are drawn from Szwarcfiter et al. (2005). The 
number of vehicles of different ages in Recife was drawn from DETRAN (2014). 
The anticipated effect of a USD1,000 subsidy was informed by academic 
literature (Dill, 2004; Kavalec, 1997) and consultation with local stakeholders 
from the transport sector.
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The Transport Sector 
continued

Measure Summary and key assumptions

Street metering 
expansion

Parking prices in central district of Recife are raised 57% in order to incentive 
alternative transport and raise funds for transit investments. Current parking 
availability and cost data are acquired through consultation with local experts. 
The cost of installing meters and the potential impact on transport in urban 
Recife are informed by a study of parking management in Curibita, Brazil and 
academic literature on intelligent parking management in Brazil (Berenger et al., 
2004; Ziemann et al., 2006).

Teleworking Government employees are ordered to work from home for one day per week. 
Average commuting distance is drawn from Pereira (2013) and government 
employee numbers are accessed through consultation with stakeholder panels. 
The average work year is expected to be 200 days. Transportation modes and 
vehicle efficiency factors are drawn from the ICLEI emissions inventory for 
Recife, Ministério de Minas e Energia and Empresa de Pesquisa Energética, 
Companhia Brasileira de Trens Urbanos, and local government transportation 
agencies (EPE, 2009, 2013a; CBTU, 2013; EMTU, 1997, GRT 2014).

Measure Summary and key assumptions

Centralised composting Organic material comprises approximately 55% of waste produced in Recife and 
approximately 75% of organic waste originates from food waste in the household 
sector. These characteristics of landfill waste in Recife lead to an unusually high 
methane generation potential (0.039).

Centralised composting assumes a 120,000 tonnes/year aerobic biological 
treatment plant. The carbon emissions savings calculations are based on IPCC 
(2006) and European Communities (2001). It is assumed that the feedstock to 
the composting plant will comprise good quality, source separated organic waste 
(food and garden). The participation and capture rates are based on WRAP 
(2009, 2011)

Capital and operational costs are based on Brazilian case studies of composting 
projects with conservative assumptions surrounding behavioural changes on 
the part of the general public (World Bank, 2010; Barreira 2008; Motta 2010). 
The assessments consider a revenue source from the sale of the compost, with 
current international compost prices and 30% of organic waste to be converted 
to compost.

Energy from waste Savings from this measure are calculated assuming a 200,000 tonnes/ year 
thermal treatment plant with energy generation potential. One scenario is based 
on electricity only recovery and another on Combined Heat and Power (CHP) 
generation.  Calculations of electricity and heat generation potentials and carbon 
emissions saved by energy displaced are based on IPCC (2006), European 
Communities (2001) and Gohlke (2007). Capital and operational costs are  
based on Brazilian projects (Souza et al., 2014; IRENA 2012; ESMAP, 2010). 
Emissions resulting from the construction of the plant are derived from  
Brogaard (2013).

Home composting Home composting assumes aerobic biological treatment of organic waste within 
the household and characteristics of the program proposed for Recife are based 
on Sao Paulo’s ‘Composta Sao Paulo’ Program (Morada da Floresta, 2014). 
Potential yield factors were drawn from expert consultation and WRAP (2009, 
2011). The carbon emissions savings calculations are based on IPCC (2006) and 
European Communities (2001). The participation and capture rates are based 
on WRAP (2009). 

Hybrid waste collection 
vehicle retrofit

Recife’s 150 diesel waste vehicles are converted to hybrid technology. Capital 
cost, operational efficiencies, running costs and maintenance costs are drawn 
from academic literature reviewing similar projects in Brazilian cities (Oliviera  
et al., 2014; Rodrigues, 2010)

Incineration Mass burn incineration assumes a 200,000 tonnes/year thermal treatment plant 
without energy generation potential. Carbon emissions saved by energy displaced 
are based on IPCC (2006) and European Communities (2001) and Gohlke 
(2007). The capital and operational costs are based on Brazilian case studies  
of waste incineration projects (Souza et al., 2014; IRENA 2012; ESMPA, 2010). 
Emissions resulting from the construction of plant derived from  
Brogaard (2013).

The Waste Sector
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Measure Summary and key assumptions

Landfill gas utilisation This measure assumes 75% landfill gas collection efficiency (Yang, 2010; 
Niskanen 2013) and a 10% oxidation factor due to landfill cover (Manfredi et al., 
2009). Electricity generation from LFG and CO2-e and carbon emission 
reductions from displaced energy are calculated based on academic literature 
(World Bank, 2005; Gohlke, 2007). 10% of the electricity generated is used on 
site. Capital and operational costs are based on Brazilian case studies and 
academic literature (Souza et al., 2014; Cruz and Paulino, 2013; World Bank, 
2005; Loureiro 2013). Generator efficiencies are drawn from CCE (2000).

Landfill gas flaring Capital and operational costs are based on Brazilian case studies of LFG flaring 
projects (World Bank, 2005; IRENA, 2010; Cruz and Paulino, 2013; Souza et 
al., 2014). Savings are calculated based on 20% landfill gas collection efficiency 
and an oxidation factor of 10% due to landfill cover (World Bank, 2005; Souza et 
al., 2014). 

Recycling program This measure is relevant to paper, plastics, metals and glass and includes an 
80,000 tonnes/year materials recycling facility. This scenario assumes separate 
collection of comingled recyclables and considers the additional carbon emissions 
and costs associated with the separate collection. The revenue from the sale of the 
recyclables is based on prices at international trading sites at the time of the 
assessment. Capital and operation costs are based on European case studies and 
the Brazilian National Policy on Solid Waste (NLWA, 2013; WRAP, 2013)

Waste prevention The waste prevention scenario is relevant to packaging waste (paper and plastic) 
and assumes a final reduction of packaging of 5% or 10%. Costs of waste 
prevention campaigns and the cost savings from packaging waste prevention are 
based on successful UK case studies and the Brazilian National Policy on Solid 
Waste (NLWA, 2013; WRAP, 2013)
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Rank Sector Measure: BRL USD

/tCO2-e /tCO2-e

1 Commercial Air conditioner (EE Standard 1) -9,887.01 -4,208.90

2 Commercial Air conditioner (EE Standard 2) -8,040.84 -3,422.99

3 Transport Converting 200 taxis to CNG by 2030 -3,106.72 -2141.76

4 Transport Increase in CNG bus service - 40% -2,905.38 -1468.21

5 Transport Increase in CNG bus service - 20% -2,354.33 -1406.15

6 Transport CNG vehicles - 10% by 2030 -2,035.23 -1347.99

7 Residential Passive cooling (evaporative cooling via porous roofs) -1,920.56 -1,322.53

8 Residential Refrigerator (EE Standard 2) -1,840.90 -1,236.82

9 Residential Turning off lights -1,811.97 -1,002.24

10 Commercial Turning off lights -1,052.05 -866.40

11 Residential Passive cooling (high albedo) -1,001.20 -817.58

12 Commercial LED street lighting -911.75 -783.67

13 Residential Passive cooling (high albedo and evaporative cooling via porous roofs) -625.02 -771.36

14 Transport Increase in hybrid bus service - 20% -598.60 -477.52

15 Residential Air conditioner (EE Standard 1) -573.84 -447.86

16 Transport Increase in hybrid bus service - 40% -557.94 -426.64

17 Residential Air conditioner (EE Standard 2) -388.49 -426.21

18 Transport EU carbon emission vehicle standards -275.90 -425.43

19 Transport Mandatory fuel efficiency labelling -203.28 -368.98

20 Transport Converting existing bus fleet to CNG by 2030 -181.62 -302.45

21 Transport BRT - North-South -181.11 -254.48

22 Commercial Setting LED target of 100% by 2030 (commercial buildings) -157.07 -237.51

23 Transport Teleworking -128.76 -223.75

24 Transport Street metering expansion -113.91 -209.43

25 Waste Energy from waste (combined heat and power) -108.33 -202.78

26 Commercial Setting LED target of 100% by 2030 (public buildings) -95.25 -165.38

27 Transport BRT - East-West -89.15 -163.67

28 Waste Hybrid waste collection retrofit -86.32 -151.26

29 Waste Energy from waste (electricity) -76.13 -134.70

30 Residential a-Si solar PV panel -69.67 -117.45

31 Transport Converting existing bus fleet to hybrid vehicles by 2030 -64.39 -112.41

32 Residential Setting LED target of 50% -57.34 -48.49

33 Residential HIT solar PV panel -47.85 -32.41

34 Waste LFG utilisation -11.28 -26.50

35 Transport Bike sharing -2.28 -2.76

36 Residential Energy management of appliances -1.84 -0.97

37 Commercial Elevators and escalators (EE Standard 1) -1.84 -0.78

38 Commercial Elevators and escalators (EE Standard 2) -1.17 -0.78

 Cost effective

 Cost neutral

 All others including “cost ineffective” and those mutually exclusive with other measures
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League Table of the Most Cost-Effective Measures in Recife  (USD/tCO2-e)
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Rank Sector Measure: BRL USD

/tCO2-e /tCO2-e

39 Residential Television (EE Standard 2) -0.11 -0.05

40 Residential Television (EE Standard 1) -0.09 -0.04

41 Waste Waste prevention - 10% 0.85 1.99

42 Waste Centralised composting 1.20 2.81

43 Waste Waste prevention - 5% 1.63 3.82

44 Commercial a-Si solar PV panel 7.13 8.48

45 Waste LFG flaring 10.18 16.75

46 Waste Recycling program - 40% 19.93 23.91

47 Waste Home composting - 30% yield 27.61 64.85

48 Waste Home composting - 15% yield 29.08 68.30

49 Waste Recycling program - 20% 33.91 79.65

50 Commercial HIT solar PV panel 64.42 93.53

51 Transport Subsidy for scrapping old vehicles - hybrid voucher valued at USD1,000 91.25 151.32

52 Transport Converting existing bus fleet to biodiesel 92.00 214.35

53 Waste Incineration 106.74 216.11

54 Transport Bike lanes 219.70 250.73

55 Residential Refrigerator (EE Standard 1) 338.39 715.22

56 Transport Investments to increase public transit use and safety 396.61 794.91

57 Transport BRT North-South and East-West capacity expansion 459.74 931.66

58 Residential Passive cooling (thermal insulation) 1,457.44 968.08

59 Commercial Green Building Standard 2 1,680.09 1,079.93

60 Transport Subsidy for scrapping old vehicles – cash payments of USD1,000 2,274.09 1,079.96

61 Commercial Green Building Standard 1 2,536.82 1,260.19

62 Residential Solar-assisted electric shower 2,960.27 1,400.98

63 Transport Increase in bus service - 20% 3,291.01 3,423.62

64 Commercial Double glazed reflective glass plus polystyrene insulation - 
retrofit commercial buildings 10,697.62 7,990.62

65 Commercial Double glazed reflective glass plus polystyrene insulation - 
retrofit public buildings 18,770.55 7,992.41

66 Residential Washing machine (EE Standard 1) 18,774.74 12,942.99

67 Residential Washing machine (EE Standard 2) 30,404.01 12,942.99

68 Transport Metro expansion 30,404.01 25,129.48

Rank Sector Measure: ktCO2-e

1 Waste Centralised composting 7,878.44

2 Residential Converting existing bus fleet to biodiesel 7,467.92

3 Waste LFG utilisation 4,333.67

4 Transport EU carbon emission vehicle standards 4,140.15

5 Waste LFG flaring 4,120.38

6 Waste Energy from waste (combined heat and power) 3,661.55

7 Waste Incineration 3,538.34

8 Waste Energy from waste (electricity) 3,538.34

9 Transport Converting existing bus fleet to hybrids by 2030 3,006.82

10 Waste Home composting - 30% yield 2,541.35

11 Waste Recycling program - 40% 2,438.34

12 Transport Converting existing bus fleet to CNG by 2030 1,435.40

13 Waste Home composting - 15% yield 1,297.15

14 Waste Waste prevention - 10% 1,133.51

15 Waste Recycling program - 20% 1,105.77

16 Transport Increase in hybrid bus service - 40% 686.60

17 Transport Street metering expansion 654.47

18 Waste Waste prevention - 5% 590.67

19 Transport Increase in CNG bus service - 40% 394.16

20 Commercial Air conditioner (EE Standard 2) 393.52

21 Transport Increase in hybrid bus service - 20% 373.89

22 Residential HIT solar PV panel - 10% of households by 2030 225.56

23 Transport Increase in CNG bus service - 20% 224.41

24 Residential Air conditioner (EE Standard 2) 212.11

25 Commercial Air conditioner (EE Standard 1) 196.76

26 Residential Air conditioner (EE Standard 1) 169.33

27 Residential Energy management of appliances 157.31

28 Commercial Green Building Standard 2 - 100% of new buildings 121.55

29 Residential HIT solar PV panel - 5% of households by 2030 112.78

30 Transport BRT - North-South 111.80

31 Commercial Setting LED target of 100% by 2030 (commercial buildings) 109.09

32 Residential Turning off lights 100.77

33 Transport BRT - East-West 96.94

34 Transport Bike lanes (56km) 94.35

35 Residential Refrigerator (EE Standard 2) 93.87

36 Residential a-Si solar PV panel - 10% of households by 2030 83.59

37 Transport Bike sharing (2x current scheme) 78.63

38 Transport Metro expansion 78.33

39 Transport Converting 200 taxis to CNG by 2030 72.04

Appendix E: 

League Table of the Most Carbon-Effective Measures in Recife (ktCO2-e)

 Cost effective

 Cost neutral

 All others including “cost ineffective” and those mutually exclusive with other measures
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Rank Sector Measure: ktCO2-e

40 Transport Increase in bus service - 20% 67.00

41 Commercial Turning off indoor lights 66.41

42 Residential Television (EE Standard 2) 66.11

43 Transport Investments to increase public transit use and safety 62.90

44 Residential Television - EE Standard 1 61.35

45 Commercial Green Building Standard 2 - 50% of new buildings from 2015 60.77

46 Commercial Green Building Standard 1 - 100% of new buildings from 2015 60.77

47 Residential Passive cooling (high albedo and evaporative cooling via porous roofs) - Scenario 2, BAU 54.56

48 Residential a-Si solar PV panel - 5% of households by 2030 41.80

49 Residential Solar-assisted electric shower - 40% of households by 2030 39.99

50 Transport Subsidy for scrapping old vehicles - hybrid voucher valued at USD1,000 39.48

51 Residential Passive cooling (high albedo) - Scenario 2, BAU 34.18

52 Residential Passive cooling (thermal insulation) - Scenario 2, BAU 32.98

53 Commercial Green Building Standard 1- 50% of new buildings from 2015 30.39

54 Residential Setting LED target of 50% 29.09

55 Waste Hybrid waste collection retrofit 28.11

56 Commercial HIT solar PV panel - additional 20MW by 2030 27.63

57 Residential Passive cooling (evaporative cooling via porous roofs) - Scenario 1, BAU 21.29

58 Transport BRT North-South and East-West capacity expansion 20.33

59 Residential Solar-assisted electric shower - 20% of households by 2030 19.99

60 Residential Refrigerator - EE Standard 1 19.72

61 Transport CNG vehicles - 10% by 2030 18.69

62 Residential Passive cooling (high albedo and evaporative cooling via porous roofs) - Scenario 1, BAU 17.09

63 Residential Passive cooling (high albedo) - Scenario 1, BAU 17.09

64 Residential Passive cooling (thermal insulation) - Scenario 1, BAU 16.49

65 Residential Passive cooling (evaporative cooling via porous roofs) - Scenario 2, BAU 15.56

66 Transport Subsidy for scrapping old vehicles - cash payments of USD1,000 13.83

67 Commercial HIT solar PV panel - additional 10MW by 2030 13.81

68 Commercial Double glazed reflective glass plus polystyrene insulation - 
retrofit 20% of commercial buildings 13.76

69 Commercial Elevators and escalators (EE Standard 2) 13.37

70 Transport Mandatory fuel efficiency labelling 11.85

71 Commercial LED street lighting 11.64

72 Commercial a-Si solar PV panel - additional 20MW by 2030 10.24

73 Commercial Setting LED target of 100% by 2030 (public buildings) 7.84

74 Commercial Double glazed reflective glass plus polystyrene insulation - 
retrofit 10% of commercial buildings 6.88

75 Commercial Elevators and escalators (EE Standard 1) 6.69

76 Commercial a-Si solar PV panel - additional 10MW by 2030 5.12

77 Commercial Double glazed reflective glass plus polystyrene insulation - retrofit 100% of public buildings 5.06

Rank Sector Measure: ktCO2-e

78 Residential Washing machine (EE Standard 2) 2.89

79 Commercial Double glazed reflective glass plus polystyrene insulation - retrofit 50% of public buildings 2.53

80 Residential Washing machine (EE Standard 1) 1.45

81 Transport Teleworking 0.54
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Appendix F: 

League Table of the Most Socially, Politically and Environmentally Acceptable Measures in Recife
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1 Transport Bike sharing 3.9 4.2 4.1 4.7 4.7 4.17

2 Transport Investments to increase public transit use and safety 4.0 4.3 3.9 4.8 4.4 4.14

3 Residential Air conditioner (EE Standard 1) 4.5 4.5 4.5 2.9 3.0 4.11

4 Residential Air conditioner (EE Standard 2) 4.5 4.5 4.5 2.9 3.0 4.11

5 Residential Refrigerator (EE Standard 2) 4.3 4.3 4.5 2.9 2.9 3.98

6 Residential Refrigerator (EE Standard 1) 4.3 4.3 4.5 2.9 2.9 3.98

7 Transport BRT – North South 4.2 4.4 3.5 4.3 3.9 3.91

8 Transport BRT - East West 4.2 4.4 3.5 4.3 3.9 3.91

9 Transport Bike lanes 3.6 4.1 3.9 4.1 4.3 3.90

10 Transport Increase in bus service - 20% 3.9 4.9 3.4 4.2 4.0 3.90

11 Public and 
commercial LED street lighting 4.1 4.7 3.0 3.9 4.3 3.89

12 Transport BRT North-South and East-West capacity expansion 4.0 4.4 3.5 4.3 3.9 3.88

13 Transport Metro expansion 3.8 4.9 3.1 4.4 4.4 3.87

14 Transport Increase in bus service - 40% 3.7 4.9 3.2 4.2 4.1 3.80

15 Transport Increase in hybrid bus service - 20% 3.2 4.4 3.6 4.6 4.0 3.79

16 Residential Energy management of appliances 3.5 3.5 3.5 4.3 4.3 3.75

17 Waste Waste prevention - 5% 3.7 3.8 3.3 4.2 4.4 3.72

18 Waste Recycling program – 20% 3.8 4.2 3.1 4.2 4.4 3.69

19 Residential Television (EE Standard 2) 4.3 3.8 3.9 2.9 2.9 3.69

20 Residential Television (EE Standard 1) 4.3 3.8 3.9 2.9 2.9 3.69

21 Transport Mandatory fuel efficiency labelling 3.6 4.1 3.2 4.2 4.2 3.65

22 Waste Home composting - 15% yield 3.5 3.5 3.4 4.3 4.4 3.64

23
Public and 
commercial

Setting LED target of 100% by 2030 
(commercial buildings)

3.4 3.9 2.9 4.1 4.4 3.64

24
Public and 
commercial

Green Building Standard 2 3.6 4.3 2.4 4.4 4.7 3.64

25 Waste Home composting - 30% yield 3.6 3.6 3.1 4.5 4.5 3.62

26 Transport Street metering expansion 3.9 4.0 3.0 4.1 4.1 3.62

27 Waste Centralised composting 3.4 3.6 3.1 4.5 4.6 3.61

28 Waste Recycling program - 40% 3.2 3.8 3.0 4.6 4.9 3.60

29 Transport Increase in CNG bus service - 20% 3.3 4.3 3.2 3.8 4.0 3.60

30 Waste Hybrid waste collection retrofit 3.5 4.4 2.8 4.2 4.3 3.59

31 Transport Teleworking 3.1 4.1 3.4 4.1 4.1 3.58

32 Residential Setting LED target of 50% 3.6 3.4 3.3 4.2 4.0 3.57

33 Waste LFG flaring 3.4 3.7 3.3 3.8 4.1 3.55

34 Transport Bike sharing 3.9 4.2 4.1 4.7 4.7 4.17
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35 Public and 
commercial Green Building Standard 1 3.6 4.2 2.4 4.1 4.5 3.53

36 Public and 
commercial

Double glazed reflective glass plus polystyrene insulation 
(public buildings) 3.6 4.2 2.4 4.1 4.5 3.53

37 Public and 
commercial

Double glazed reflective glass plus polystyrene insulation 
(commercial buildings) 3.6 4.2 2.4 4.1 4.5 3.53

38 Waste Waste prevention – 10% 3.3 3.3 3.0 4.5 4.6 3.51

39 Transport Converting taxis to CNG by 2030 3.6 4.4 2.9 4.0 4.4 3.49

40 Transport Converting existing bus fleet to CNG by 2030 3.1 4.4 2.9 4.2 4.4 3.49

41 Public and 
commercial Setting LED target of 100% by 2030 (public buildings) 3.2 4.1 2.6 4.0 4.3 3.49

42 Waste Energy from waste (electricity) 3.4 4.3 2.6 4.2 4.2 3.47

43 Residential Washing machine (EE Standard 2) 3.6 3.8 3.4 3.1 3.1 3.42

44 Residential Washing machine (EE Standard 1) 3.6 3.8 3.4 3.1 3.1 3.42

45 Transport Increase in hybrid bus service  - 40% 2.8 4.4 2.9 4.2 4.3 3.41

46 Residential Passive cooling – evaporative cooling via porous roofs 3.0 3.9 2.3 4.8 4.8 3.39

47 Residential Passive cooling – thermal insulation 3.0 3.9 2.3 4.8 4.8 3.39

48 Residential Solar-assisted electric shower 2.8 4.0 2.8 4.3 4.3 3.38

49 Transport 50% of vehicles converted to CNG by 2030 3.1 4.2 2.9 3.9 4.3 3.37

50 Transport Subsidy for scrapping old vehicles - hybrid voucher 2.5 3.9 3.0 4.3 4.3 3.34

51 Residential HIT solar PV panel 3.2 3.8 2.4 4.0 4.8 3.31

52 Residential a-Si solar PV panel 3.2 3.8 2.4 4.0 4.8 3.31

53 Transport Increase in CNG bus service - 40% 3.1 4.0 2.5 4.1 4.4 3.27

54 Transport Converting existing bus fleet to hybrids by 2030 2.8 3.8 2.9 3.9 4.2 3.25

55 Transport Converting existing bus fleet to biodiesel by 2030 3.2 3.7 2.9 3.8 3.8 3.25

56
Public and 
commercial

Elevators and escalators (EE Standard 2) 3.2 4.3 2.4 3.5 3.6 3.23

57
Public and 
commercial

Elevators and escalators (EE Standard 1) 3.2 4.3 2.4 3.5 3.6 3.23

58 Transport Subsidy for scrapping old vehicles – cash payment 2.4 3.8 3.0 3.8 3.7 3.20

59 Waste Energy from waste (combined heat and power) 3.3 3.8 2.3 4.0 4.2 3.19

60
Public and 
commercial

HIT solar PV panels 2.7 3.6 2.3 4.0 4.4 3.19

61 Residential Passive cooling – high albedo 2.8 3.5 2.1 4.8 4.8 3.16

62 Residential
Passive cooling - high albedo and evaporation via porous 
roofs 

2.8 3.5 2.1 4.8 4.8 3.16

63
Public and 
commercial

a-Si solar PV panel 2.8 3.5 2.4 3.7 4.2 3.14

64 Transport EU carbon emissions vehicle standards 2.7 3.6 2.4 3.9 4.0 2.96

65
Public and 
commercial

Turning off indoor lights for an additional hour per day 2.5 2.2 2.4 3.0 3.5 2.69

66 Waste Incineration 2.6 2.5 3.0 2.4 2.2 2.63

67 Residential Turning off lights for one additional hour per day 2.4 2.0 2.1 3.3 4.0 2.60

 Cost effective

 Cost neutral

 All others including “cost ineffective” and those mutually exclusive with other measures Appendix F: 
continued
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