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INTRODUCTION

Welcome to CURB: Climate Action for Urban Sustainability. This toolkit is designed to help guide
cities through the process of planning and implementing a range of interventions to reduce energy use,
save money, and cut local greenhouse gas (GHG) emissions. The technology and policy interventions
covered by CURB can also help deliver important local quality of life benefits, including improved air
guality, local economic development and job creation

CURB was developed through collaboration between the World Bank Group, the C40 Cities network, and
AECOM Technology Corporation. Each institution is actively engaged in supporting climate, energy, and
sustainability planning efforts at the local scale in cities around the world. CURB is intended to allow
planners to assess the implications of different policy and technology interventions.

CURB'’s flexible and modular design responds to local realities, recognizing that impacts germane to one
city (e.g. energy or emission impacts, cost savings, etc.) may be valued differently by others. CURB
therefore presents information in different ways so users can select the information most relevant to their
work.

The calculations made by the CURB tool are based on modeling approaches or assumptions developed
by world-class engineers, economists, and planners. Their accuracy is linked to the quality of the data
used in the tool, however, which is why CURB consistently asks the user to provide locally relevant
information. Because data gaps are a common problem in cities, CURB does provide city, national or
regional proxy data that the user can rely on if local information is unavailable or considered unreliable.

This User Guide explains the purpose and approach used in each of the six modules contained in the
Toolkit. This Guide also explains what types of information are required to run each module, and what
type of output is ultimately generated to support local planning and decision-making.

If any section of this user guide is unclear, please feel free to offer suggestions on how it can be improved
by contacting the development team.

CURB contains a total of six modules with the following features:

e Setup is where the user can enter basic data about the overall situation in a city and sectoral
profiles. This information is then used repeatedly throughout the Tool to help make different
calculations.

e Inventory converts the information provided in the Setup module into estimates of which sectors
create the greatest energy demand and GHG emissions and how the situation may change over
time. It is in this module that the user also has the option to set future reduction performance
targets against which progress can be measured.

e Benchmarking allows users to compare their cities with other cities across a range of key
performance indicators in each sector.

e Action is the heart of the tool. This module allows the user to select which sectors she would like
to focus on, and then to rate the city’s authority to take action in each sector. This information is
then quickly translated into a rapid assessment of the maximum impact potential and
implementation feasibility of every intervention included in CURB. This module is intended to help
users decide which interventions are worthy of further exploration. Users then determine whether
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each intervention will be included or excluded in the overall plan. Detailed cost and impact
assessments are calculated based on information provided about the anticipated deployment
level of each intervention. At any time, users may go back and change the options selected,
either to drop or add interventions or to change the anticipated deployment rate that will ultimately
be achieved.

e Results shows the combined impact of selected interventions on urban GHG emissions, local
energy demand, and spending levels. This module also demonstrates how successful the
particular scenario will be at delivering the city’s emission or energy demand reduction targets.

In the Introduction sub-module tabs, users can learn about the tool's purpose, identify CURB
partners, and ensure that the tool is displayed in an optimal manner for their computer settings.

CURSB is a Microsoft Excel-based tool designed for Excel 2010 and later versions.
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SETUP

Setup is where the user can enter basic data about the city that will be used in other modules.
All user entry fields are highlighted in blue.

To the extent possible, the user should seek to enter locally specific data to improve the accuracy of the
results. At the same time, CURB recognizes that data is not always readily available. The tool thus
provides the option to select default values that draw on proxy data already built into CURB. These
estimates are linked to data from a similar city, country or larger geographic region where the user is
located. The user can see the proxy values that are assumed by clicking on the gray button to the right
as shown below. Ideally, the default option will only be used in cases where there is no or only partial city-
specific data available.

B. Solid Waste Generation Data

Select One:
(@ Option 1: Use CURB-generated solid waste generation estimate using Mexico City generation per capita rate (Source: World Bank 2014) :l

(" Option 2 Enter city-specific waste generation data

If the user opts to rely on certain proxy data, he can move onto the next question. If the user selects the
option to provide local data, lines will appear for the user to provide city-specific information.

B. Solid Waste Generation Data

Select One:
(" Option 1: Use CURB-generated solid waste generation estimate using Mexico City generation per capita rate (Source: World Bank 2014) l:l

(® Option 2: Enter city-specific waste generation data

Enter City-Specific Solid Waste Generation Data for 2010
'Solid Waste Generation Value Units Source
12010 Total Solid Waste Tonnage ; 200,000 ] Tonnes(Year

If partial data is available, the user can enter the available data. Proxy data will be used for the remaining
data points. The underlying data assumptions can be changed in Advanced Setup which will be outlined
in Advanced Setup (1.C).

1.A) City Context

City Context asks the user to set baseline and target years for emissions and to provide information about
the city’s climate, population, and employment. It also asks for basic inputs, including:

¢ Residential and commercial buildings

e Municipal buildings and public lighting

e Grid-supplied energy profile

e Solid waste generation levels, composition, and management practices
e Wastewater generation and management

e Water conveyance system design

e Transportation patterns



For cities that have already completed a comprehensive energy study or GHG emissions inventory, many
of the data points required in this section will already have been collected. If the city has conducted an
emissions inventory that was developed in accordance with the Global Protocol on Community Scale
Greenhouse Gas Emissions (GPC), and the city has reported this information using the official template
developed by the C40 and World Resources Institute, then this information can be easily entered into
CURB. Please note that in subsequent versions of CURB, the official GPC template will be able to be
uploaded directly into CURB. When entering data manually, users should ensure that any information
submitted as part of their GHG inventory is consistent with city data entered throughout the rest of City
Context.

Where available, the far right column marked "source" provides space to add any additional comments,
such as noting if a particular data point is from a year other than the Baseline Year. Please also indicate
in this column if the answer was provided in units other than those suggested in the "Units" column. In
subsequent versions, CURB will adapt calculations accordingly. Some of the blue cells provide dropdown
menus to select different options. Selecting the cell will display the dropdown arrow to choose from
different options.

B. Municipal Building Annual Energy Consumption Data for 2010

Fuel Type L Value Units Source
Electricity MWh{year

Matural Gas Gliyear

Propane Gliyear

Distillate fuel oil No 2 A Gliyear

Diesel/Gas oil Gliyear

1.B) Cost Data

This section asks the user to enter various inputs on the cost of energy in the target city and provides
proxy data for each region if data is unavailable. To the extent that the user is able to provide locally-
specific data, CURB will better model the costs and savings of various interventions as they contribute to
changes in energy use over time.

Each data point is sorted by sector (e.g. residential, commercial) and fuel type (e.g. electricity, natural
gas). The user is also asked to enter estimates of how these costs will change over time, providing a
separate cost input for the Baseline Year and Target Years selected in City Context (1.A).

) T e T
Costs
osts vary greatly by location and over time. To facilitate rate financial analysis for the selected actions, please enter the following cost data into the cells below. Note that all costs,

mc\udmg fuels need tU be entered as SUS/kWh As fuel costs can be more dlmcu\t tu Ub\am CUREI provides pruxy va\ues that you can utilize if no be\ler source U' cost data is available.

1. Energy Costs
A. Electricity Rates

Fuel Sector Cost Unit Source
Electricity Residential H 0.4035/kWh
Electricity Commercial s 0.40:5/kWh
Electricity Municipal 5 0.4035/kWh
Electricity Industial 3 0.40:5/kWh
Electricity il H 0.40:5/kWh

1.C) Emission Factors

The emissions page allows the user to specify different emission factors for the target city. CURB allows
the user to select from three options: select national emission factors, obtained from the IEA database;




enter city specific emission factors to be applied to all sectors; or enter city and sector specific emission
factors.

Selecting any these options will display a set of cells, similar to previous sections, which will allow the
user to enter the information for the specified option.

Emission Factors

Accurate emissions calculations depend on using appropriate emission factors. Emission factors for electricty and district energy (e.g.. steam) can vary greatly between locations. Emission
factars for other fuels are often less variable, but can change depending on their specific chemical composition. This page allows you to select default emission factors or enter custom factors
for each fuel.

1. Grid Energy Emission Factors

A. Electricity Emission Factors

Select One:
( Option 1 Use national electricity emission factor for Mexico (Saurce: [EA, 2010) I:l

@ Option 2 Enter one city-specific electricity emission factor and apply the same value to all sectors

© Option 3: Enter city-specific slectriciy emission factors ta apply to sach individual sactor

Enter the City-Specific Emission Factor for 2010 or the Closest Available Year
{Fuel : Sector i Emission Factor |  Unit | Source
{Electricity (Al sectors 0.0005501] t COze /kWh |

B. District Energy Emission Factors (e.g., steam)
Select One:
@ Option 1 Enter one city-specific electricity emission factar and apply the same value to all sectors (Note that no default is provided for district energy)

() Option 2: Enter city-specific electriciy emissian factors to apply ta each individual sector

Enter the City-Specific Emission Factor for 2010 o the closest available year
Fuel i Sector { Emission Factor | Unit | Source
District Energy (Steam) {All sectors 0.0001774] 1 COze /kWh |

1.D) Advanced User Options

Advanced data allows the user to change the technical assumptions underlying the Building Energy,
Electricity Generation, Solid Waste, Wastewater, and Transport models. These include information such
as estimates of how much energy is consumed by different energy technologies (in different settings);
emission “factors” used to convert energy data into GHG emissions; etc. Due to the advanced nature of
this option, it is not recommended that users change these default estimates. If this action is desired,
however, please contact the CURB team for information on how to access this data.

Advanced User Access to Change Model Assumptions

Solid Waste Factors and Assumptions THE MODEL ASSUMPTIONS PAGES ARE PASSWORD
\ PROTECTED. FOR ACCESS TO THE PASSWORD, PLEASE
A\ CONTACT THE CURB TEAM AT THE FOLLOWING EMAIL

and Water Factors and Assumptions ADDRESS:

. ) curb@woridbank.org
Transportation Assumptions

Building Energy Assumptions
Electricity Generation Assumptions

Global warming Potential Factors




INVENTORY

Inventory takes the information provided by the user in the Setup module and visualizes emissions
sources and how they will change over time. It is in this module that users have the option to set an
emissions or energy use reduction target against which progress can be measured.

2.A) Base Year Inventory

|. Base Year Charts

The Base Year Chart tab provides a graphical representation of emissions in each sector in the baseline
year that was selected in City Context (1.A).

Building and Facility Energy 4,533,140

Manufacturing and Construction

797,951
Energy

7,147,014

Agriculture and Other Energy 569,529

Energy-Related Fugitive Emissions 507,001

Transportation 2,521,380

Solid Waste 800,000

Wastewater 399,200

Industrial Processes and Product Use 2,010,502

800,000
Agriculture, Forestry, and Land Use :

020000QQOB0

0

1,000,000 2,000,000 3,000,000 4,000,000 5,000,000 6,000,000 7,000,000 8,000,000

tCO.elYear

@ Emissions Chart a Energy Chart

The toggle at the bottom right of the chart allows users to switch between viewing this information in
terms of emissions (tonnes of carbon dioxide equivalent: tCOze) or energy (MWh).

@ Emissions Chart { 6 Energy Chart |

Note that if a user chooses to view information by energy rather than emissions, the user will not be able
to see as many sectors; results are confined to Building and Facility Energy, Manufacturing and
Construction Energy, Energy Industries, Agriculture and Other Energy, and Transport. Other sectors like
Solid Waste, Wastewater, Industrial Processes and Product Use, and Land, Forestry and Land Use are
omitted here because they do not involve energy use. For instance, any energy use from solid waste
trucks would be included in Transport, while energy use in industry would be covered under
Manufacturing and Construction Energy.

Categorization of sectors in this section is consistent with GPC methodology. For more information, see
Global Protocol for Community-Scale Greenhouse Gas Emission Inventories.
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http://ghgprotocol.org/files/ghgp/GHGP_GPC.pdf

Il. Base Year Tables

This tab shows the same information as in Base Year Charts, but in tabular format and with additional
detail. It goes beyond aggregate emissions in each sector to give a detailed breakdown of energy use
and emissions for each fuel type and end use. In other words, this tab provides a full emissions inventory.

If the user entered inventory information in City Context (1.A), that information is seen here. If the user did
not enter inventory data, these values are modeled from the other inputs provided in the Setup module. If
there are any values that seem inaccurate, users have the option to override them with their own data.

2010 Base Year City Emissions
Building and Facility Energy (Private and Municipal)

GPC Sector | ] Activity/Year Emissions
GPC No.! Scope | Type Activity/Year Unit (converted to k\Whiyear) Unit Emission Factor Unit (t COsefYear)
(K] idential Buildings 7,074,060,479| KWhlyear 4,331,848
111 [Scope 1 2,531,382,702] KWhlyear 459,313
111 Scope 1 Natural gas 2,502,535.687]  kWhiyear 2,502,535,687!  KWhiyear 0.0001811; t CO2e /kWh 453,174
111 Scope 1 Liguefied Petroleum Gas (LPG) 100.000{  GJiyear 27,777,778 KWhiyear 0.00021124t CO2e /kWh 5,868
111 iScope 1 Distillate fuel oil No 2 100,000{ Liter (I)/year 1,069,237 kWhiyear 0.0002530{ t CO2e /kiWh 271
112 Scope 2 4,542177,778] KWhiyear 3,872,260,
112 Scope 2 Electricity 4,514 400,000;  kWhiyear 4,514 400,000;  kWhiyear 0.0005501} t CO2e/kMVh 2483371
112 Scope 2 District Energy 100,000;  GJiyear 27777.778)  KWhiyear 0.0500000; t COZe/k\Vh 1,368,889
113 Scope 3 500,000 kWhlyear 275,
113 Scope 3 Electricity (T&D Losses) 500.000; kWhiyear 500,000; kWh/year 0.0005501} t COZe/k\Vh 275
1.2 Ci i ituti Facilities 679,513,863; kWhiyear 201,017
1.2.1 Scope 1 468,982,972] kWhlyear 84,936
1.2.1 Scope 1 Natural gas 468,762.972]  kWhiyear 468,762,972] kKWhiyear 0.0001811it COZe /kWh 84,890
121 Scope 1 Liquefied Petroleum Gas (LPG) 100,000 kWhiyear 100.000{ KWhiyear 0.0002112§ t COZe /kWh 21
121 Scope 1 Distillate fuel ail No 2 100.000; kWhiyear 100.000{ KWhiyear 0.0002530: t CO2e /kWh 25
122 Scope 2 210,530,892] kWhlyear 116,081
122 Scope 2 Electricity 210,525.480{ kWhiyear 210,626.480]  KWhiyear 0.0005501; t COZe/kWh 115,810
122 |Scope 2 District Energy 5.412]_ KWhiyear 5412) KWhiyear 0.0500000; t CO2e/kWh 271
123 Scope 3 500,000; kWhlyear 275,
123 iScope3 Electricity (T&D Losses) 500,000{ KkWhiyear 500,000; KWhiyear 0.0005501} t COZe/k\Wh 275
CURB Sector Total 7,753,574,343; kWhlyear 4,532,865,
Manufacturing and Construction Energy

GPC Sector / | ] Activity/Year Emissions
GPC No. Scope | Type i Activity[Year Unit (converted to kWhiyear) Unit Emission Factor Unit (t COzefYear)
1.3 i ies and Ci ion Energy Use 4,168,230,559; kWhiyear 797,951
131 Scope 1 ! ! 4,166,716,670,  kWhlyear 796,432
1.3.1 Scope 1 {Natural gas 10,000,000f  GJiyear 2.777.777.780; KWhiyear 0.0001811}t COZe /kWh 503,016

The GPC inventory is broken down to three levels of detail:

e Scope 1: Direct emissions from sources within the defined boundary

e Scope 2: Energy-related indirect emissions from the use of grid-supplied electricity, heating,
and/or cooling

e Scope 3: All other indirect emissions

More detailed information on the scopes can be found in the GPC gquidance.

2.B) Growth Factors

This section allows users to set growth factors for each sector’s energy use and for building stock in the
target city. The information entered here will allow CURB to take the Baseline Inventory and project
energy use and emissions until the final Target Year in the form of a “business as usual” scenario. The
results of these projections are available in the next section, Projections (2.C).

I. Activity Growth Factors

Activity growth refers to changes in energy use and emissions in different sectors over time, from the
Baseline Year to the Target Year selected in the Setup. A growth factor defines the rate of anticipated
growth in each sector over a specific time period.
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Activity and Emission Growth Factors

Choose which method of estimating the growth of emissions generating activity in future years.

Select One:
) Option 1: Use population growth rate as a proxy for activity growth
) Option 2: Use International Energy Agency ([EA) growth factors from 608 Scenario
@ Option 3: Enter custom sub-sector-level growth factors

There are three options for entering activity growth factors.

e Option 1: Accept population growth as a proxy for activity growth. This assumes that growth in
energy use and emissions across all sectors will be proportionate to citywide population growth.
Population data is drawn from the United Nations Department of Economic and Social Affairs
Population Division and their report World Urbanization Prospects: The 2014 Revision.

e Option 2: Use data from the International Energy Agency (IEA). The IEA’s Energy Technology
Perspectives study (2014) creates three different scenarios to show how energy use at the
national and regional level might change over time given various economic development and
technology assumptions. CURB takes the IEA’s “business as usual” scenario for likely changes in
energy and emissions and scales it to the city level.

Both of the above options use proxy data to get a sense of how energy use and emissions in the
target city might change over time. The option to use IEA data is likely more accurate than the
population data, yet it is important to remember that neither option is based on local data specific
to the target city.

e Option 3: Enter city-specific growth rates. Using this option is likely to provide the most accurate
estimate of how energy use and emissions will change over time, yet it is also the most
demanding for the user. The user is asked to enter growth factors for each fuel type by end use,
across multiple time periods. In most cities this data will not be readily available. If data is
available, however, the CURB developers recommend copying IEA data, then overriding any
pieces of information for which there are city-specific numbers.

Activity and Emission Growth Factors

Choose which method of estimating the growth of emissions generating activity in future years.

Select One:
) Option 1: Use population growth rate as a proxy for activity growth
) Option 2: Use International Energy Agency (IEA) growth factors fram 6DS Scenaria
@ Option 3: Enter custom sub-sector-level growth factors

Custom Activity Growth Rates

Building Energy (Private and Municipal) 2010 - 2020 2020 - 2025 2025 - 2030 2030 - 2035 2035 - 2040 2040 - 2045 2045 - 2050
GPC Sector / |
GPC No. Tyee Annual Average Growth Rates Source
cope
cope Natural gas 1.0%
cope Liquefied Petroleum Gas (LPG)
cope Distillate fuel oil No 2
Cope
cope Electricity
cope District Energ
cope
cope Electricity (T&D Losses)
Commercial/lnstitutional Facilities
cope
cope Natural gas
cope Liguefied Petroleum Gas (LPG)
cope Distillate fuel oil No 2
cope
cope Elsctricit
cope District Energy
cope
cope Electricity (T&D Losses)
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http://esa.un.org/unpd/wup/Highlights/WUP2014-Highlights.pdf
http://www.iea.org/etp/etp2014/
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[l. Building Inventory Growth Factors

Like section I, Activity Growth Factor, this section also asks for a series of growth factors, but this time for
building stock. The numbers entered here will help to improve the accuracy of interventions related to
private buildings. If the user is not interested in pursuing interventions related to private buildings, this
section can be disregarded.

The tool asks the user to enter two numbers for residential and commercial buildings: the percentage of
existing buildings that will be redeveloped, and the anticipated growth rate of new buildings. The user is
asked to supply these estimates for three time periods between the Baseline Year and Target Year for
each interim target set.

2.C) Projections

|. Sector Projections

The results of sections 2.A and 2.B are displayed here. On this screen the user can view aggregate
emissions or energy use in each sector and how they are likely to change over time, based on the growth
factors entered in 2.B. Like in section 2.A above, the user can toggle back and forth between viewing
energy and emissions using the buttons at the bottom right of the graph.

City Emissions by Sector 2010 to 2040
45,000,000

41,965,444

40,000,000

35,000,000
32,052,649

30,000,000
24,776,817
25,000,000
20,085,718
20,000,000
15,000,000 .

10,000,000

o J . .

2010 2020 2030 2040

) Energy
Q@ e (@ )

t COefYear

Il. Inventory Projections

Here the user can see a more detailed version of forward projections in tabular format, with emissions
and energy use broken down by fuel type and end use.
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2.C.1 Projection Charts

City Emissions in 2020
Building and Facility Energy (Private and Municipal)

ActivitylYear

(converted to Emission Emissions
GPC No./GPC Sector  Scope Type ActivitylYear Unit Kiihiyear) Unit Factor Unit (t COzelYear)
K] idential Buildings 73814,163,722] kiWhiyear 4785
111 |Scope 1 2,796,221,340] KWhiyear 507,367
141 Scope 1 Natural gas 2.764.356,289| KWhiyear 2,764,356,28 0.000181} t CO2e /kWWh 500,586
97 {8cope 1 Liquefiad Petroieum Gas (LPG) 110.462]  Gliyear 301,683,341 0000211 £ COZs fidh 6452
141 Iscope 1 Distiliate fuel oi No 2 T10.462] Liter (IJyear 1.181.103 kWhiyear 0.000253} t CO2z /kWWh 299
12 {Scope 2 5017,390,071] Kiihiyear 4,277,384
112 Scope 2 Electricity 4,986,706,123]  kWhiyear 4,986,706,123 0.000550{ t COZe/kWh 2,743,187
112 IScope2 District Energy 110462 Gllyear 30,683,948, 0.050000 t CO2/kWh 1,634,197,
i3 3cope 3 ; 304
113 Scope 3 Electricity (T&D Losses) 552,311] kWhiyear 552311 0.000550{ t CO2e/kWh 304
12 G iallinstitutional Facilitios 247,651
124 {Scope 1 93,832]
121 IScope 1 Natural gas 517.828,043] KWhiyear 517,528.04 0.000131{t CO2e /kWWh 93,771
37 I8cope 1 Liquefied Petrojeum Gas (LPG) 116,163 Kilihiyear 116,16 0500811t COZe i 5
121 Scope 1 Distillate fuel oil No 2 141,039 kWhiyear 141,03 0.000263; t CO2e /kWh 36
122 IScope2 277,967,97 153,460
152 Scope 2 Eleciricity 377 656, 860! Kniyear 277,956,861 T CORelkih 152904

2.D) Targets

This section helps the user to set a citywide target to reduce either greenhouse gas (GHG) emissions or
energy use.

Once the target is set, subsequent modules will guide the user through the process of selecting and
customizing different interventions to reduce energy use and emissions in the target city.

In the Results module (5), users can see how far chosen interventions take their city towards achieving
the city’s target. Note that it is possible to make changes to the target at any point in the tool.

|. Target Type Selection

There are three main steps in this section, with further guidance on each provided in Target Setting
Resources (l11).

What type of target does the City want to use?
Emissions reduction or energy efficiency targets can help guide local climate action. Select the type of target the city wishes to use on this page and then set the target level(s) on the
following page. There are many options for designing an emissions or energy reduction target. Additional guidance on designing a target is provided on the Target Setting Resources page

Step 1: Emissions or Energy Target

Select One:
@ 1)Emissions Target A goal that focuses on reducing greenhouse gas (GHG) emissions.
€0 2)Energy Target A goal that focuses on reducing community energy use.

Step 2: Target Type
Select One:

@ 1)Base Year Emissions Goal Reduce, or control the increase of, emissions by a specific quantity relative to the 2010 base year For example, the goal could be an 80% reduction
below 2010 levels by 2040.

() 2) Base Year Intensity Goal Reduce emissions intensity (emissions per unit of another variable, typically population or GDP) by a specified quantity relative to a base year.
For example, the goal could be a 40% reduction below the 2010 base year intensity by 2040.

) 3)Baseline Scenario Goal  Reduce emissions by a specified quantity relative to a projected emissions baseline scenario. A baseline scenario is a reference case that representp
future events or conditions most likely to occur in the absence of activities taken to meet the mitigation goal. For example, an 80% reduction from
baseline scenario emissions in 2040.

Step 3: Interim Targets

Select One:
@ 1) Interim Targets Establish a long-term target for 2040 and two interim targets for 2020 and 2030
O 2) No Interim Targets Establish a single target for 2040

The first step asks the user to select whether to set the target in terms of emissions or energy reductions.
The relative merits of each are described in more detail in Target Setting Resources (lll). It should be
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noted that when setting an emissions reduction target, the user will still be able to see the impact of
various interventions in terms of energy use—and vice versa.

The second step asks the user to select what specific type of energy or emissions target he would like to
select. There are three main options in CURB: base year goal, base year intensity goal, and baseline
scenario goal. Some types of targets may be more appropriate than others for the target city. More
information is provided on each in Target Setting Resources (lll).

The final step asks whether the user would like to set interim targets in addition to longer-term energy or
emissions reduction goal. More information is available in Target Setting Resources (lll).

Il. Target Level

Once he has selected the type of target to set, the next page allows the user to choose how much to
reduce energy use and emissions and by when. As a general rule, targets should be ambitious yet
achievable.

Research by C40 Cities and Arup has identified 228 cities across the world that have set emissions
reduction targets, most of which are set for 2020 or 2050. These targets vary in the level of ambition from
less than 20% all the way to 100% reductions in GHG emissions.

What are the city's emissions reduction targets?
Use the controls below to select the city's greenhouse gas reduction targets for the years 2020, 2030, and 2040. The city should strive to select a target that is ambitious yet achieveable. Note
that the user can adjust this target later in the planning process once actions and implementation assumptions are defined.

45,000,000 Tonnes CO2e/Year Emissions Metric

/. 2010 Base Year Emissions Level
40,000,000 20085718  Base Year
2020 Emissions Levels
35,000,000 24,776,817 Baseline Forecast
/ 2% Target (% below 2010 base year level)
/ 14,662,574  Allowable Emissions

30,000,000

2030 Emissions Levels
32,052,649  Baseline Forecast

M [ Year

25,000,000

57% Target (% below 2010 base year level)

20,000,000 8,636,859 Allowable Emissions

S
ke P 2040 Emissions Levels
'''' 41,965,444 Baseline Forecast

15,000,000

My 80% Target (% below 2010 base year level)

_____ 4,017,144 Allowable Emissions
10,000,000 —

5,000,000

L]
2010 2020 2030 2040

Ill. Target Setting Resources

This section provides the user with detailed information and guidance on how to approach selecting the
target type (Section I) and target level (Section Il). A brief overview is provided below; please refer to the
CURB Excel tool for more detail.

To set targets, the user must choose between options in 3 areas:

1. Emissions vs. energy target: The user may choose to set their targets in terms of emissions or
energy use.
a. Emissions is a commonly used benchmark, and more than 200 cities around the world
have set greenhouse gas reduction targets to help guide local climate action. Further, an
emissions target covers interventions in all sectors.
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b. Energy reduction may be appropriate for cities focused primarily on energy reduction
goals. However, not all interventions may lead to energy reduction, such as those in Solid
Waste and Water and Wastewater.

Target type: This step determines the reference point upon which targets are calibrated.

a. A base year goal calculates each final and interim target as a relative quantity to the base
year. Because base year information is known, this target type grants a degree of
certainty and few additional data requirements.

b. A base year intensity goal refers to targets relative to a ratio in the base year, such as
emissions as a proportion of population. This method may be advantageous for cities
experiencing large economic or population growth, but provides less certainty due to the
introduction of an additional projected variable.

c. A baseline scenario goal sets targets relative to projected emissions in a “business as
usual” scenario. This target type is suitable for cities in which emissions are expected to
increase significantly over time if no actions are taken.

Interim targets: Users may choose to set interim targets for the intervening years between the
base year and the long term target. Interim targets help to track progress over time, but requires
user inputs for those intervening years.
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BENCHMARKING

Benchmarking allows users to compare their cities with other cities across a range of sector-specific
indicators relevant to energy use, service delivery levels, or GHG emissions.

3.A) City Comparison

CURB allows the user to compare the target city’s performance to other cities around the world in the
Benchmarking module. CURB currently includes 23 different Key Performance Indicators (KPIs) across
six sectors. Data from other cities was obtained from a variety of datasets. To the maximum extent
possible, the CURB team has relied on data sets that are updated on a regular basis, to ensure CURB
stays as current as possible.

How does your city compare to others?
Choose a sector and a key performance indicator (KPI) from the menu to compare your city to athers in the chart below. The buttans below the chart allow to user to limit the comparison to
other cities in the same region or climate, or to cities that have a similar human development index level

Sector Key Performance Indicators Grid emissions factor (t CO2e/MWh)

Private Building Energy Grid emissions factor
% of energy derived from renewables 07

Municipal Building Energy

Electricity Generation

Solid Waste

L

Wastewater & Water

Y
b
Benchmark Comparison Filters:
Use the buttons below to compare to cities with similar characteristics
(=1 Once you have selected the comparison filter, push the desired
indicator to update the chart

Transportation

All Sectors | | | | | [ wormer

To assess the target city’'s performance, select a Sector by clicking the logo on the left. The Key
Performance Indicators available for that sector will then appear in the middle of the screen. Select one of
these KPI's and the bar chart on the right will change, displaying a city-by-city comparison of the selected
KPI. In the bar chart, the target city will be highlighted in yellow, with other cities represented in light blue.
In general, the best-performing cities are those closer to the right side of each graph.

By default, the target city is compared to all other cities for which data was available. To narrow the list of
cities to which the target city is compared, select one of the “Benchmark Comparison Filters”, which
include:

Benchmark Comparison Filters:

Use the buttons below to compare to cities with similar characteristics.
Once you have selected the comparison filter, push the desired
indicator to update the chart.

No Filter

e “Region” -- this filter compares the target city with others in the same geographic region.
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e “Development” -- this filter compares the target city with others at a similar level of socio-
economic development, as measured by the Human Development Index (HDI) rating.
o “Climate” — this filter compares the target city with others in a similar climatic zone.

While the Region and Development filters may be of general interest to the target city, the Climate filter is
designed primarily for use in two specific KPIs: “Building GHG emissions per capita” in Private Building
Energy and “Public building energy consumption” in Municipal Building Energy. This is because climate
type is a strong driver of energy demand and associated emissions in buildings, since heating and cooling
loads vary widely across regions with different climates. For instance, all other things being equal, a city
with hot summers and cold winters is likely to have much higher energy use in its buildings sector than a
city with a more temperate climate.

When selecting a filter, click on the filter and then re-click on the KPI of interest to update the chart.

At the bottom of the screen, the user can see the information from the bar graph in tabular format, with
precise values, the year the data is from, and the source of the data.

3.B) Indicator Summary

The 23 KPIs referenced within CURB are listed below. Please refer to the CURB Excel tool for more
information on each of the KPlIs, including definitions of each and data sources.

Sector ‘ KPI

Private Building Energy Building GHG emissions per capita

% population with electrical service

Municipal Building Energy and Public Lighting Public building energy consumption

Average streetlight energy use

Electricity Generation Grid emissions factor

% of energy derived from renewables

Solid Waste Solid waste GHG emissions per capita

Solid waste generated per capita

% of population with solid waste collection

% of solid waste recycled

% of solid waste biologically treated

Water and Wastewater Wastewater GHG emissions per capita

Water GHG emissions per capita

% of city’s wastewater that is untreated

% of population with wastewater collection

% of population with access to improved water

Transportation Transport GHG emissions per capita

Private automobiles per capita

% trips in personal automobiles

% trips via public transit

% trips via non-motorized modes

Overall Total GHG emissions per capita

Electricity use per capita
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fi. ] ACTIONS

Actions is the heart of the tool. It allows users to select which sectors they would like to focus on and rate
the target city’'s authority to take action in each sector. Estimates of feasibility, cost, and emissions
reduction potential allow users to quickly compare potential actions and make a preliminary selection of
actions that seem most suitable for the city. Users then have the chance to customize each of the chosen
actions and see how each contributes to the overall emissions reduction target. After customizing
interventions, users will be able to view more detailed information on costs and co-benefits. At any time,
the user may go back and change the options selected, either to drop or add more as desired.

4.A) Action Selection

|. Overview

Since Action Selection is one of the longer sub-modules in CURB, this section provides a brief overview
of the different steps involved. First, users are asked to select which sectors they would like to focus on in
evaluating their city’s authority in implementing actions, within Sector Selection (4.A.ll). Second, users are
asked to rate the target city’s level of authority to take action in each sector City Authority (4.A.Ill). Third,
users are presented with a graphical representation of potential actions, which will begin to help select
those that are most relevant to the target city’s needs Assessment (4.A.1V). Finally, users are asked to
select which actions they would like to develop further in the next section, based on more detailed data

ke (% THE woRLD BANK €40
o :
L ACII  oncion @ sewp | @lwventory | @) Benchmarking | @ Actions | © Resulis | @ Inplementaion
RO

[ 4. sector selection H 4.A.III City Authority H 4.AIV Assessment H 4.AV Action Selection ]

Step 1: Select Action Areas

Step 2: Assess City Authority

Step 3: Select Actions

Select the action areas that the City
wishes to development actions within

Assess the level of authoriy the City
has to implement policies or
programs within each action area and
sub-category.

Select the individual actions the City
wishes to further develop using the
resulfs of the assessment and other

action performance indicators

about feasibility and potential impact Action Selection (4.A.V).

Il. Sector Selection

From a checklist, users are asked to select the sectors for which they would like to evaluate their city’s
authority (following section). For a comprehensive climate plan it is advisable that the user select every
sector. If the user is interested primarily in energy rather than emissions, the user may wish to de-select
certain sectors like Solid Waste or Water & Wastewater since actions captured in these sectors are
unrelated to energy use. In other cases, users may choose to focus on interventions within a single sector.
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Please note that users are able to return to this screen at any point to change their selection by adding or
dropping sectors.

Which sectors does the City want to include?

From the following checklist, select the areas that the City wants to take action within.

(7 Private Building Energy
(7] Municipal Building and Facility Energy
(7] Electricity Generation

Solid Waste

Transportation

(7] e Water & Wastewater

l1l. City Authority

This section asks the user to assess what authority the local government has to take action in each sector
and sub-sector. This is important because the degree of authority a city has in a particular area will
necessarily reflect the feasibility of any given action. Users are only asked to evaluate city authority for
those sectors selected in the previous section.

In what sectors does your City have authority to take action?

Use the sliders below to indicate the level of contral city officials have within each sector or action category. Each step in the sliders indicates a separate, discrete level of control. The slider
bar allows the user to represent different degrees of control within the different levels provided. For example, within the ‘influences policy’ the user may have a high or low level of influence. The
user should adjust the slider bar accordingly.

Private Buildings

Energy Efficiency in New Construction

Policies, Regulations, and Enforcement - Is the City responsible for establishing the policy (such as sector strategy, standards and regulations) governing this asset or
function and is the City responsible for enforcing policy (such as by issuing permits or fines) for this asset or function?

| ] H H 1 i E| 3 ! = i : Selected Level of Authority:

Can influence policies/regulation

| | i L] i 1 H
Low or No Influence | Policy | Enforces but No Policy |Policy but No En

Energy Efficiency in Existing Buildings
Lighting Systems
Policies, Requlations, and Enforcement - Is the City responsible for establishing the policy (such as sector strategy, standards and regulations) governing this asset or
function and is the City responsible for enforcing policy (such as by issuing permits or fines) for this asset or function?

I .

Selected Level of Authority:
Sets policies/regulations, BUT does not enforce

| | T H ] : :
Low or No Influence | Policy |ErfurwsthoPd>cy Policy but No Enforcement| Policy and Enforcement

Authority is measured across three different parameters:

0] Own/Operate: the degree of ownership the city exercises over the particular
asset/function/service in question. For instance, a city which owns/operates the local public

19



transport system is likely to have a stronger ability to take action in that area than a city that has
limited or no influence over operations.

(i) Policies, Regulations, and Enforcement: the degree to which a city is able to set and enforce
policy in each sector. For instance, a local government that is able to set and enforce policy over
private buildings will have a greater capacity to act than one which lacks the authority to set policy
in that sector, or which can set policy but has limited power in terms of enforcement.

(iii) Control Budget: the degree to which the city controls the budget for the asset/function/service in
guestion. For instance, a local government that controls the budget for public street lighting is
likely in a better position to take action in that sector than one in which the local government has
no budgetary control.

It is important that the user select the appropriate degree of authority the target city has over each sector
by moving every slider, since this will help determine the feasibility of each intervention as displayed in
the following two sections (Assessment (4.A.1V) and Action Selection (4.A.V)).

The following tables are designed to help determine how to set each slider. Note that in the case of
private buildings, it is only possible to determine the city’s authority in terms of policies, regulations and
enforcement, since it is assumed the city authority does not by definition own or control the budget of
private assets.

Table 1: Own/Operates

Low or No Influence Does not own or operate asset/service
Influences Policy Can influence operations

Enforces But No Policy Manages procurement of operator
Policy But No Enforcement Partially owns or operates asset/service
Policy and Enforcement Owns or operates asset/service

Table 2: Policies, Regulations, Enforcement

Low or No Influence Has no influence over policies/regulation or enforcement
Influences Policy Can influence policies/regulation or enforcement
Enforces But No Policy Enforces, BUT can't set policies/regulation

Policy But No Enforcement Sets policies/regulation, BUT does not enforce

Policy and Enforcement Sets AND enforces policies/regulations

Table 3: Control Budget

Low or No Influence Has no influence over budget for asset/function
Influences Budget Has influence over budget for asset/function
Controls Budget Controls influence over budget for asset/function




IV. Assessment

The series of charts in this section will give a preliminary sense of which actions the user may wish to
develop further in Action Development (4.B) by presenting the user with rough estimates of the relative
cost, feasibility and maximum emissions impact of different interventions in each sector.

} Feasibiity ‘

100 MIORE DIFFICULT LESS DIFFICULT

SAVINGS
-
z
|
H
i
H

Savings ($US1000)

MORE DIFFICULT LESS DIFFICULT

Private Building | | Municipal Building & [ Electricity Generation || |/ Solid Waste || [ Water & ( Transportation
Energy Chart Public Lighting Energy Chart Chart Chart Wastewater Chart

The ease of implementation is shown on the horizontal axis, with results influenced in part by the
authority sliders the user was asked to set in the previous section City Authority (4.A.lll) and in part by the
technical feasibility of each action. Actions further to the left are deemed more difficult than those to the
right.

The relative cost of each action is shown on the vertical axis. Actions further toward the bottom are more
costly to implement, while those above the line are expected to result in net savings.

The size of the bubble represents the relative size of emissions abatement potential for each action
category.

Actions in the top right quadrant are likely to be less difficult to implement in the target city and also
achieve cost savings—either to the city itself or to other stakeholders, depending on the sector. By
contrast, actions in the bottom left are likely to be more difficult to implement and come at a higher cost.

Below the table are buttons that allow users to switch between sectors. The table at the bottom of the
page gives more detail about the potential savings and emissions reductions, and also allows the user to
select or deselect action categories.

It is important to note that the calculations here are based on the maximum cost/savings and emissions
impact potential that would be achieved assuming 100% penetration of each intervention (e.g. upgrading
all streetlights, or efficiency improvements in all buildings) rather than the likely level of deployment in the
target city. As such, they should only be taken as rough estimates indicative of the actions that are likely
to yield the best outcomes for the city.
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It may be helpful to switch back to these charts when it comes to selecting actions to develop further in
the next section Action Selection (4.A.V).

V. Action Selection

This section summarizes the inputs from this module in a single table, which allows comparison of
different actions in order to decide which actions the user would like to develop further in Action (4.B)
Development. The last column on the right recommends high opportunity actions based on user inputs in
previous sections. Note that the user can return to this summary page at any point during the action
design process.

[ a.AtoOverview |[ 4.A.1 Sector Selection | [ 4.A.NI City Authority | [ 4.A.IV Assessment |
Which Actions Does the City Wish to Include?
The following table summarizes the results of the feasibility assessment and provides anticipated emission abatement potential metrics. The user should review this information and select
the actions that the City wishes to pursue. Mote that the user can return and add or remove actions at any time.
o
o >
3
< o & &
O G &
© o & \
N & E Y
&° & o““ o b\)c’P &\0
& Y &7 G o
& & & o8 A 8
S & & g o &)
\a b 38 o O &
& <& g ¥ ¥ *®
Sector / Action Category / Action o
PRIVATE BUILDING ENERGY
ENERGY EFFICIENCY & FUEL SWITCHING
EXISTING RESIDENTIAL BUILDINGS
Lighting - Residential &) -588 235,322 1% Yes
Appliance and Electronics - Residential 5] -$3 176,141 1%
Space Heating and Cooling - Residential Q@ 131,561 <1%
Water Heating - Residential (@] @) 133,520 <1%
Building Envelopes - Residential Q @] -$3 1,208,675 8% Yes
EXISTING COMMERCIAL BUILDINGS
Lighting - Commercial O -588 13,891 <1% Yes
Appliances and Electronics - Commercial @ -53 320 <1%
Space Heating and Cooling - Commercial Q 27240 <1%
Water Heating - Commercial Q @] 692 <1%

City Authority summarizes the results of the sliders changed in City Authority (4.A.lll). Green circles
indicate a higher degree of authority in that sector, orange/yellow circles indicate medium authority, and
red circles indicate limited authority. Black circles indicate not applicable.

Technical Difficulty gives an overall sense of how difficult each intervention is from a technical perspective,
unrelated to the target city’s capacity. Similar to above, green circles indicate a lower degree of technical
difficulty, orange/yellow circles indicate medium technical difficulty, and red circles indicate a higher
degree of technical difficulty.

Similarly, the green indicates savings in the Savings column and the more dollar signs there are, the
greater the savings. The following two columns are related to the emissions abatement potential.

The user should review the provided information and select interventions that the city wishes to pursue.

4.B) Action Development

Now that the user has considered which actions to pursue further, this section allows the user to
customize each individual action for the target city. The user begins by clicking on a sector to start with,
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as shown on the screen below. At any time, the user can return to this screen (by clicking Action (4.B) at
the top of the page) or switch to a different action area without losing any progress made in developing
different actions.

4.A Feasibility Assessment 4.B Action 4.C Financial 4.D Co-Benefits

Action Areas

Click on the action area you wish to develop actions within.

[ Private Building Energy ] [e Solid Waste ]
Municipal Buildings & Public e

[ Lighting ] [ Wastewater & Water

[ | Electricity Generation ] [e Transportation ]
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Below, each action area is described in more detail, but there are some common features to each that are
worth pointing out upfront. Once the user clicks on an action area, for instance private buildings, he will
be taken to a home screen for that sector. On this home screen there are several important pieces of
information, as shown on the screen below.

) T O
Progress Reduction in
To «.'a_r(l Target Sector _g?ions
Private Building Energy Actions - 2020 oo ()
1SSi % of ildi Energy Energy { ion Cost Payhack Period
Tonnes COe/Year Emissions Reduced KWh/Year $US1000 Years
1,457,701 13.9% 3,205,948,356 -$10,034,233 12.4 2020

ENERGY EFFICIENCY & FUEL SWITCHING

Action Emissions Abatement % of Actin.n Area Energy Reduced Implementation Cost  Payback Period
(Tonnes COefYear) Reductions (kWhiYear) 15US) (Years)

EXISTING RESIDENTIAL BUILDINGS 874,200 60% 2,027,124,723 $1,403,425
Lighting ["GotoAction | 544636 7% 1,087,292 215 -§1,450,547 28
Appliances [ GotoAction | 98145 7% 202,425819 $1,247 862 486
Space Heating and Cooling Go to Action | 132,970 9% 265,714,312 $1,664518 448
Water Heating [GotoAction | 79,295 5% 434,261,281 -574 634 96
Building Envelope [GotoAction | 19,154 1% 37,431,096 -553774 21

EXISTING COMMERCIAL BUILDING S 255,906 18% 513,871,429 $13.413
Lighting [ Goto Action | 90,866 6% 181,578,834 -5102,676 19
Appliances [ GotoAction | 5,000 <1% 11,970,000 $8,574 120
Space Heating and Cooling | Go to Action | 156,527 11% 312,801,910 $118,189 131
Water Heating [ Goto Action ] 2,522 <1% 7,520,685 -$10,674 36
Building Envelope [ Goto Action |

NEW RESIDENTIAL BUILDINGS
Energy Efficient Residential Construction | Go to Action |

NEW COMMERCIAL BUILDING S 205,735 14% 413,096,529 $60,872
Energy Efficient Commercial Construction [ Go to Action | 205,735 14% 413,096,529 $60,878 15

On the left is a list of different actions, grouped by category. In the example above, actions related to
lighting, appliances and so on are all grouped within the existing residential buildings category.

Each action has a button to the right hand side called “Go to Action” which the user can click on to begin
customizing that individual action.

Once the user begins customizing actions, the impact of that action will appear in the columns on the right
hand side. Impact is expressed in terms of emissions abatement (tonnes CO:/year), energy reduced
(kWhlyear), implementation cost ($US) and annual savings ($US/year). Users can also see what
percentage of total emissions abatement in that particular action area any given action contributes. For
instance, in the screen above, 14% of the total emissions reductions from private buildings are coming
from lighting upgrades in existing residential buildings.

The bar at the top of the screen summarizes the combined impact of actions in that action area. In the
example above for instance, the combined impact of all actions related to private buildings have resulted
in carbon abatement of 1,457,701 tonnes COze each year (13.9% of total emissions reduced through all
actions developed in the tool), with energy savings of 3,205,948,356 kWh/year.

155] { % of Building Energy Energy i ion Cost Payback Period
Tonnes COze/Year Emissions Reduced kWh/Year SUS1000 Years
1,457,701 13.9% 3,205,948,356 -$10,034,233 12.4 2020

The tabs on the right hand side of the summary bar refer to the target year and interim targets set in 2.D
Targets—in this case 2020, 2035 and 2050. These are important as they control the timing of different
interventions. Clicking 2020 sets the timeframe for any action customized between the baseline year and
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2020. Clicking 2035 sets the timeframe for any action customized between 2020 and 2035. Clicking 2050
sets the timeframe for any action customized between 2035 and 2050. This allows staggering of different
interventions across time. For instance, the user may wish to pursue energy efficiency upgrades in
existing buildings between now and 2020, while focusing on new buildings post 2020. Users may wish to
pursue some actions in all years until the target; others may be shorter term and begin or end in one of
the interim targets.

Please note that the emissions impacts of any action selected in one time frame (e.g. 2020) are only
accounted for within that time period; to realize benefits across multiple time frames, the action should be
selected for each interim target year.

Progress Reduction in
Toward Target Sector Emizsions

The dials in the upper right corner show progress towards the emissions reduction target set earlier in the
tool (if one was set). The dial on the left shows overall progress towards the target through all actions in
all sectors that have been customized so far. The dial on the right shows the emissions reductions
achieved for a given action area—in this case private buildings.

Once the user begins entering specific actions within each sector, there is an additional feature to
consider across all actions. For each action, the user can select whether it is a local action or a
national/region action and what year the action should be implemented in. This information helps the user
make a more realistic plan for the city by staggering actions as appropriate for local circumstances.
Additionally, this information provides insights into cash flows for each action as well as the impact from
local versus national/regional actions.

issi % of Building Energy Energy Reduction ion Cost P Period
Tonnes CO.e/Year Emissions Reduced kWhiYear SuUS1000 Years 2035
159,354 1.5% 317,938,985 -$405,333 3.3 2020 2050
Local or National/Regional Action?[ | gcal =] Implementation Year [2010 -

E PRIVATE BUILDING ENERGY

Actions related to private buildings can be split broadly into demand side and supply side
interventions. Demand side interventions involve energy efficiency (plus some fuel switching),
while supply side interventions include distributed renewables and district energy.

All actions can be applied to residential buildings, commercial buildings, or both. Residential buildings are
divided into low, low-middle, high-middle, and high-income buildings. Commercial buildings are divided
into retail, office, hospital and hotel spaces.

For energy efficiency and fuel switching measures, the user can choose to apply actions to both existing
buildings (i.e. retrofit) and new buildings (i.e. new construction).

As with other sectors, the user can specify a time period in which the action is to be implemented by
using the buttons in the top right hand corner.

25




The following is a brief summary list of the actions in the private buildings sector:

Energy Efficiency in Existing Buildings

Residential Energy Efficiency and Fuel Switching Upgrades

Includes separate actions for lighting, appliances & electronics, space heating and cooling, water heating,
and cooking across different income cohorts (low, low-middle, high-middle, and high income buildings).
Actions involving heating and cooling allow for fuel switching in addition to efficiency upgrades.

Commercial Energy Efficiency and Fuel Switching Upgrades

Includes separate actions for lighting, appliances & electronics, space heating and cooling, water heating,
and building envelope for different commercial building types including retail, office, hospital and hotel
spaces. Actions involving heating and cooling allow for fuel switching in addition to efficiency upgrades.

Energy Efficiency in New Buildings

Note that actions related to new buildings (lighting, appliances & electronics, space heating and cooling,
water heating, and building envelope upgrades) have been consolidated under a single “Go to Action” tab.
This is to reflect the nature of the different policy or implementation options that are frequently used to
target new construction. In contrast to energy efficiency retrofits, which may often focus on a specific
technology or end-use (e.g. boiler upgrades, building envelope upgrades), things like building codes for
new construction typically require minimum compliance across a range of different end-uses. As such,
interventions have been grouped into a single action tab.

Energy Efficient Residential Construction

Includes actions for lighting, appliances & electronics, space heating and cooling, water heating, and the
building envelope for different income cohorts (low, low-middle, high-middle, and high income buildings).
Actions involving heating and cooling allow for fuel switching in addition to efficiency upgrades.

Energy Efficient Commercial Construction

Includes actions for lighting, appliances & electronics, space heating and cooling, water heating, and the
building envelope for different commercial building types including retail, office, hospital, and hotel spaces.
Actions involving heating and cooling allow for fuel switching in addition to efficiency upgrades.

Distributed Renewables in Existing Buildings

Residential PV
Allows user to select the average system size (kWh/m?2) and the percentage of buildings the intervention
will target, with separate inputs for different income cohorts.

Commercial PV
Allows user to select the average system size (kWh/m?) and the percentage of buildings the intervention
will target, with separate inputs for different types of commercial building.

District Energy in Existing Buildings

District Energy

For district heating, the action allows the user to determine the efficiency of the boilers, whether
cogeneration is to be used, and the fuel. For district cooling, the user can select the chiller efficiency. The
user can then decide what percentage of different types of residential and commercial buildings to which
heating and/or cooling systems should be applied.

In each case, clicking on the “Go to Action” button will take the user to a similar screen:
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a—————————————————————————— Progress Reduction in
| 0 Private Building Energy ] Toward Target Sector Emissions
| (59% | [ 8n) |

Residential Lighting Efficiency ' _—

Emissions Reduction % of Building Energy Energy ion Cost Annual Savings

Tonnes CO,e/Year  Emissions Reduced KWhIYear sus SusiYear 2% )
254,272 0.7% 492,079,053 $0 $0 2020 2040

Action Implementation Assumptions:

Residential - Low Income 250 @ Heating
uZeny s cacting

Technology Saturation 200
-"

)

. I :

100 O

= A

:Energyrsavmg Light Bulbs - Internal Spaces i 100% < »
S0 . @) cesking

Nl N O otmer
Sase Cass Improved Gase Base Case | mproved Gase
£ Y Hone " Hows

Energy Demand (kKWh/m?)

Residential - Low-Middle Income 180 @ Heating

0 I 5
B o

Technology Saturation

{Energy-Saving Light Bulbs - Internal Spaces i 00% < v

nergy Demand (kWh/m?)

@D cosking

The page above shows the lighting efficiency action for residential buildings. Within the action are a
number of different options: energy saving light bulbs for internal spaces, energy saving light bulbs for
common and exterior areas, and lighting controls for common and exterior areas.

Each of these separate actions has a slider to the right hand side that controls the “saturation” level of
each action, i.e. what percentage of the building stock will the actions target? There are different sets of
sliders for different income groups: low income residential housing, low-middle income, high-middle
income and high income residential housing. This allows for flexibility in customizing actions. For instance,
a user may wish to pursue upgrades to indoor lighting that target only low income households (e.g. 80%
of low income households, determined by the saturation level slider) rather than all income groups, or
vice versa.

On moving the sliders, users can immediately see changes reflected in the summary bar at the top. This
shows emissions reductions, energy reductions, costs and savings for this specific intervention (i.e.
residential lighting efficiency for existing buildings, in this case).

The bar charts on the right hand side show the impact of each different action on energy demand. There
is a separate chart for each income group. The vertical axis shows energy demand in kWh per square
meter. The horizontal axis has four different bars showing energy demand before/after action has been
taken for both flats and houses. The first bar on the left shows the base case energy demand for
flats/apartments, with the bar immediately to the right indicating improved case energy demand. The third
bar from the left indicates the base case energy demand for houses, while the bar to the far right shows
demand in the improved case. The base case bars represent energy demand for that building type (in this
case low income residential housing) before any actions were taken. The improved case bars show
decreased energy demand accounting for all actions taken in private buildings that target residential units
for that income group. The charts are dynamic, such that they immediately reflect changes in energy use
resulting from moving the saturation rate sliders. Each color represents a different source of energy use:
purple for heating, blue for cooling, light grey for fan energy, green for appliances and electronics, yellow
for lighting, orange for hot water, red for cooking and dark grey for other.

The “Reset Page to Zero” button above the sliders will reset the saturation rate for all actions on this page
to 0%.
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Once the user has finished changing the slider levels for this action, the user can return to the private
buildings summary screen by clicking “Private Building Energy” in the top left corner. All the data is
automatically saved and the user can return to the action page to edit selections at any point.

For Commercial Lighting Efficiency in existing buildings, the action page looks very similar:

(4) [ anncton seccton | WMRREHRMIN  +.crnanci | 40 cosonomes |

Progress Reduction in
Private Building Energy Ttiﬂﬂrd Target Sector Emissions
7 -
( (31%
. N . T \ "~/
Commercial Lighting Efficiency ~
Emissions Reduction % of Building Energy Energy i ion Cost Annual Savings 2020
Tonnes CO.elYear Emissions Reduced KWh/Year $US1000 $US1000/Year
9,875 0.2% 17,951,568 $4,541 $24,951 2020

Action Implementation Assumptions:

Retail Reset Page N
— 200 @ Heating

Technology f 1:3 - -}3‘ Coaling
{Energy-Efficient Light Bulbs - Sales Area F10% [« v g a0 K
{Energy-Efficient Light Bulbs - Corridors and Common Areas. 100% [+ "I 7 20 9
iEnergy-Efficient Light Bulbs - External Spaces 100% |« ’ E 1:3 Q
{0ccupancy Sensors in Bathrooms i to% [« ' P IA)
£ @D ceskang
&
) O other
Base Case. Improved Case
Office 200 # Heating
& 180
Technology i E 160 +%+ Cecling
; B o
| ient Li s 100% [« "D £ w0 3
; 100% i[« "D Fh
& 100 Y

Instead of different income groups, the actions can be customized for different commercial building types:
retail, office, hospital and hotel. Similar to residential buildings, different sliders allow users to select what
percentage of buildings are impacted by each action. The bar charts on the right in this case are simpler
since they only show a base case and improved case for each building type (retail, office, hospital and
hotel).

Actions related to distributed renewables look slightly different:

Progress Reduction in
Private Building Energy Toward Target Sector Emissions
P
(C
klﬂ‘n 47%
g
Residential Photovoltaic Systems N
iSSiH % of Building Energy Energy i ion Cost Annual Savings 2020
Tonnes COze/Year Emissions Reduced KWhiYear $US1000 $US1000/Year
1,021,498 20.3% 1,856,932,208 $5,105,628  $2,580,973 2020

Action Implementation Assumptions:

Residential - Low Income Reset Page
to Zero

Technology Saturation

Photovoltaic System 100% 9 3
Average System Size (kW/unit): 30 | 4 | J \
Panel Area (m?unit) 200

Electricity Generated (kKWhiyriunit); 4,048

Residential - Low-Middle Income

Technology Saturation

Photovoltaic System 100% 4 3
Average System Size (K\W/unit): 30 < [ v
Panel Area (mAunit) 200

Electricity Generated (KWhiyriunit): 4,048
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In addition to selecting a saturation level that determines what percentage of each building type the action
will target, the user can also choose the size of the average solar system in kW/unit, where unit refers to
an individual building. Moving this slider will change the total panel area required and the amount of
electricity generated per unit. The action page for commercial buildings is very similar.

The final action page in the private buildings sector is for district energy:

| 4.A Action Selection 4.B Action 4.C Financial | 4.D Co-Benefits

Progress Reduction in
Private Building Energy Toward Target Sector Emissions
District Energy Systems

Emissions Reduction % of Building Energy Energy i i Annual Savings 2020
Tonnes CO.e/Year Emissions Reduced kWh/Year SUs1000 $US1000/Year
0 0.0% (1] $0 $0 2020

Action Implementation Assumptions:

Residential
District Heating i

Low Income Homes with District Heating <
Low-Middle Income Homes with District Heating: < &
Fiigh-Widdie income Homes with District Heating <

High Inceme Homes with District Heating <
District Cooling

Low Income Homes with District Caoling <
Low-Middle Income Homes with District Cooling!i <
High-Hiddle Income Homes with District Caeling <
High Income Homes with District Cooling i <

Commercial
Saturation

Technology {see note 1)

District Heating

Retail with District Heating
Office with District Heating
Hospital with District Heating
Hotel with District Heating

E MUNICIPAL BUILDINGS AND PUBLIC LIGHTING

There are three types of actions in Municipal Buildings and Public Lighting: 1) Energy
Efficiency and Fuel Switching, 2) Public Lighting Energy, and 3) Municipal Distributed Renewable Energy.

4.A Action Selection  ABActon 4.C Financial l 4.D Co-Benefits ‘
Reduction in
Toward Target Sector Emissions.
i P " 23%) 18%
O Municipal Building and Public Lighting Energy Actions - 2020 ( A= ( (1e%) )
Emissions Reduction % of Building Energy Energy Cost  Annual Savings <02
Tonnes COe/Year Emissions Reduced kWh/Year $US1000 $SUS1000/Year 2030 '
9,038 <1% 17,079,331 $7,918 $972 2020 2040
Action - Emissions Abatement % of Action Area Energy Reduction  Implementation Cost  Annual Savings.
(Tonnes COe/Year) Reductions (kWhYear) (8Us) (SUSYear)
EXISTING MUNICIPAL OFFICE BUILDINGS 2,606 29% 4754377 $12,070 $6,602
Lighting [~Go to Action 923 10% 2,165,895 $133 52842
Space Heating and Cooling [ Go to Action 1227 14% 1893570 $9.914 $2.748
Building Envelope Go to Action 456 5% 604912 52,024 $1,012
PUBLIC LIGHTING ENERGY
Action Emissions Abatement % of Action Area Energy Reduction  Implementation Cost  Annual Savings
(Tonnes COe/Year) (kWhiYear) ($US) (SUS/Year)
STREET & OTHER PUBLIC LIGHTING 21 30% 5,579,055 $7,888,124 $953,500
Streetlights. Go to Action ] 2323 26% 4762239 $7.887,500 $952,448
Traffic Signals Go to Action_] 398 4% 816,816 5624 $1,052
MUNICIPAL DISTRIBUTED RENEWABLE ENERGY
Action Emissions Abatement % of Action Area Energy Generated  Implementation Cost  Annual Savings
(Tonnes CO,e/Year) (kWh'Year) SUS) (SUS/Year)
RENEWABLES 3m an 6,745,899 $17,500 $11,502
Wunicipal PV Go to Action ) 3711 41% 6,745,899 §$17.500 $11,502
TOTAL 9,038 17,079,331 $7,917,694 $971,604

Energy Efficiency and Fuel Switching
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Municipal Building actions related to energy efficiency and fuel switching are very similar to the Private
Building Energy actions and essentially a subset of those. For Municipal Office Building Lighting
Efficiency and Municipal Office Building Envelope Energy Efficiency, the user can choose what percent of
buildings they want to apply the specified technologies to by adjusting the sliders associated with each
technology.

Municipal Office Building Lighting Efficiency

Red i % of ilding Energy Energy Reduction Implementation Cost Annual Savings
Tonnes CO.e/Year Emissions Reduced kWh/Year S$US1000 $US1000/Year [ 2030
923 <1% 2,165,895 $133 $2,842 2020 2080 )

Action Implementation Assumptions:

Percent of

T logy, wat H 0
Energy-Saving Light Bulbs - Internal Spaces i 100% [ "

ergy-Saving Light Bulbs - External Spaces i 100% [ b *
iLighting Controls for Corridors and Staircases H 80% J LAl
iOccupancy Sensors in Bathrooms, Conference Rooms, and Closed Cabins ; 90% |« "
§0ccupancy Sensors in Open Offices 100% [« i
ipaylight Photoelectric Sensors for Internal Spaces i 90% J "I

For Municipal Office Building Heating and Cooling System Efficiency and Fuel Switching, the user can
choose to change the fuel associated with high efficiency condensing boilers by selecting the appropriate
fuel through the dropdown menu next to it. The user can also change what percent of buildings they want
to apply the specified technologies to by adjusting the associated sliders to the right of each technology.

Municipal Office Building Heating and Cooling System Efficiency and Fuel Switching

Emissi Reducti % of Building Energy Energy Red Impl tation Cost Annual Savings
Tonnes CO.e/Year Emissions Reduced kWh/Year $US1000 $US1000/Year
1,508 1% 2,740,513 $8,924 $3,809 2020
Action Implementation Assumptions:
Percent of
Technology Fuel . Buildings
 Air Conditioning with Air Cooled Screw Chiller - COP of 3.3 i Electricity |r | r |
: Air Conditioning with Water Cooled Chiller - COP of 5.39 iElectricity 100% [« "l
{Ground Source Heat Pump - COP of 4.65

ectricity 100% |‘ i"|

i Variable Speed Drives on the Fans of Cooling Towers iEleciricity
| Variable Frequency Drives in AHUs ectricity
i Variable Speed Drives Pumps : {Electricity
: Sensible Heat Recovery from Exhaust Air  {Electricity
{High Efficiency Condensing Boiler for Space Heating - Efficiency of 90% [Elecricity
| Air Economizers During Favorable Outdoor Conditions  {Electricity

Public Lighting Energy
The Public Lighting Energy action allows the user to change what percentage of streetlights and traffic
lights are using various lighting technologies.
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Public Streetlight LED Retrofit _ _

issi % of Building Energy Energy i ion Cost Annual Savings
Tonnes COe/Year Emissions Reduced kWh/Year sus SuSs/Year (2030 )
2,323 <1% 4,762,239 $7,887,500 $952,448 2020 (2040 )

Action Implementation Assumptions:

No. of Lamps
Rated Power of i i P
Technology per Lamp (Wattage) Technology % Share to LED LED %
iHigh Pressure Sodium 25,000 50% [ i 7,500 30% Use sliders to change
i High Pressure Sodium 350 25,000 50% | i 7500 30% i[4 v ‘ proposed lamp technologies
{Incandescent 25,000 50% | i 5,000 20% / The changes will be displayed
i Incandescent 200 25,000 50% \ii 5,000 20% f< [ *| ] interms of improved lamps
iTotal 50,000 100% N 12,500 2% /: and the LED%.
LED Traffic Signals N N
Emissions Reduction % of Building Energy Energy Reduction Implementation Cost Annual Savings
Tonnes COze/Year Emissions Reduced KWh/Year $US1000 $US1000/Year
398 <0.1% 816,816 $624 $1,052 2020
Action Implementation Assumptions:
Baseline No.of Lamps  Ho. of Lamps
Lamp of Baseline Improved

Technology Wattage Technology to LED LED %
Traffic Lights i 150 ;1200 & 480 CoA0% i« ] v
{Directional Arrow Lights i 1800 500 i 150 CO30% i« | v
{Pedestrian Signal Lights 75 1,200 360 Po30% ¢ | ¢

Municipal Distributed Renewable Energy

In Municipal Distributed Renewable Energy the user can determine how much power the city would want
to generate through photovoltaic systems. Since the city might choose to put photovoltaic systems in
places other than rooftops of buildings such as open land or parking lots, this action is extremely flexible
to accommodate what the city chooses. The user will enter the anticipated photovoltaic system size into

the blue cell.

Municipal Photovoltaic Systems - <

Emissi i % of Building Energy Energy i ion Cost Annual Savings
Tonnes COe/Year Emissions Reduced kWh/Year $US1000 $US1000/Year 2030 |
3,711 0.1% 6,745,899 $17,500 $11,502 2020 oo )

Action Implementation Assumptions:

Technology Saturation
Photovoltaic System Size (MW) ] 5.0
Panel Area (m?): i 33,333

There is only one action that the user can take in Electricity Generation and that is Grid

Decarbonization. The user can change the carbon intensity of grid-supplied electricity by
altering how much electricity is generated from each energy source. The user first decides whether to use
the emission factor selected during setup or develop a lower emission factor. This is done via a dropdown
menu next to Emission Factor Method.
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The proposed portfolio can then be changed by adjusting the slider associated with each energy source.
The total electricity being generated should be equal to 100% of the energy being generated in the
baseline case. If this is the case, there will be a green checkmark and 100% written at the bottom of the
table. If not, there will be a number in red to indicate that the user is lacking or in excess of the generation
of electricity. The base case and adjusted emission factors are displayed below the energy source table.
There are graphs to the right of the action to visually depict the changes being made.

Electricity Grid Decarbonization

Emissions Reduction % of Electricity-Related Energy Reduction Change in Levelized Cost of Generation
Tonnes CO,e/Year  Emissions Reduced KWh/Year sus/Year 2030 )

1] 0.0% NA NA 2020 2040 |

Action Implementation Assumptions

Baseline Utility
Electricity Generation Portfolio

Emission Factor Method Use Emission Factor Selected in Setup <

Electricity Portiolio /" s0.0%
BaseCase Proposey
Portfolio | Portfolio)
RENEWABLES TR 300%
o i 00% if o0% |

Energy Source

WIND 04% | i 10.0%
HYDROELECTRIC 114% Bi134%

GEOTHERMAL PRk R (R
BIOMASS i03% |

NUCLEAR 0%
NUCLEAR 3.0% Intervention Utility
oAS 529% Electricity Generation Portfolio
NATURAL GAS §23% L -
PROPANEGAS ©00% | 500%
WASTE FUELS 0.0% | 40.0%
SOLID WASTE 0.0% |
oL 3% ¢ o
VIASTE OIL I
DISTILLATE OIL (NO.2) - IESEL © 09% 4}
RESIDUAL OIL (N, 6) 16.5%
CoAL Ba%
I smumiNoUs T00%
I GNITE LG
{ PETROLEUM COKE CIE% T \15%) " '
ToTAL (N 7100% Pi VE100% G| Resetto Base Case
ResettoZero |
Electricity Emission Factor —
Base Case  Proposed
Compasite Electricity
Emission Factor 0.550100; | 0.487720
{kg COz0/kWh)

Composite Electricity
Emission Factor 0000550 ; | 0000488
(1 COze/kWh)

It is likely that most cities will have little control over the electricity generation mix. At the same time, the
carbon intensity of grid-supplied electricity is an important driver of urban emissions. Including this sector
allows cities the flexibility to understand how changes in the local/regional/national electricity mix might
influence their emissions over time—especially in cases where these changes are likely to be significant.
This will also begin to help cities think about what additional actions beyond their scope of control might
be needed to reach their target, i.e. it is possible that some cities will find it very difficult to reach their
emissions target without changes in grid supplied electricity, which may help them to better articulate
what changes are needed on the part of other stakeholders if local sustainability efforts are to be
successful.

SOLID WASTE

The Solid Waste Action page has four main categories of actions: 1) Waste Management, 2)
Waste-to-Energy, 3) Fugitive Emissions Capture, and 4) Waste Collection and Transfer as seen below.
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Progress Reduction in
Toward Target Sector Emissions
e Solid Waste Actions - 2020 e e
Emissions Reduction % of Solid Waste Energy ion Cost Payback Period
Tonnes CO,e/Year Emissions Reduced kWhiYear $US1000 Years
1,958,681 89% 458,716,593 $3,151,482 46.3 2020
WASTE MANAGEMENT
Action Emissions Abatement 5% of Action Area Energy Reduction  Implementation Cost  Payback Period
(Tennes CO.efYear) Reductions (KWhiYear) (sus) (Years)
PAPER WASTE MANAGEMENT [ GoTo Action ] 292,180 15% 0 $97,548 56.2
Paper Waste 292,180 15% NA 97,548 56.2
FOOD AND YARD WASTE MANAGEMENT [ Go To Action | 1,006,220 51% 0 $4,542,889 73.5
Food Scrap and Yard Waste Management 1,008,220 51% A $4,542,889 735
OTHER ORGANIC WASTE MANAGEMENT [ Go To Adtion |
Other Organic Waste Management
PLASTIC WASTE MANAGEMENT [GoTo Action ] 0 0% 0 0 A
Plastic Waste Management
WASTE-TO-ENERGY
Action Emissions Abatement * % of Action Area Energy Generated  Implementation Cost  Payback Period
(Tonnes COelYear) Reductions (KWhiYear) (sUs) (Vears)
WASTE-TO-ENERGY ([ GoTo Action ] 214,419 1% 428,474,103 -$1,290,508 34
Anaerobic Digestion Optimization 214419 1% 428,474,103 51,290,596 34
‘Waste Incinerati 10-E O
FUGITIVE EMISSIONS CAPTURE
Action Emissions Abatement® % of Action Area Energy Generated Implementation Cost ~ Payback Period
(Tonnes CO.efYear) Reductions (KWhiYear) (sus) (Vears)
LAHDFILL FUGITIVE EMISSION CAPTURE [ GoTo Action ] 431,437 22% 0 $0 NA
Enhanced Landfill Methane Recovery - Future Waste 431437 22% NA 50 NA
WASTE COLLECTION AND TRANSFER ENERGY
Action Emissions Abatement ? % of Action Area Energy Generated  Implementation Cost Payback Period
(Tonnes CO.e/Year) Reductions (KWhiYear) (Years)
WASTE COLLECTION AND TRANSFER [GoTo Action ] 14,426 <1% 30,242,490 $198,359 10
‘Waste Collection and Transportation Energy 14,400 1% 30,208,333 -5198,174 10
Waste Transfer Station Energy 17 <1% 34,157 5185 0.0
TOTAL 1,958,681 458,716,593 $3,151,482

The user must first make decisions about how to manage different types of waste in the actions
listed under Waste Management. Each type of waste has several options for how it can be managed. For
example, plastic waste would not be composted or put into an anaerobic digester, but rather managed via
a landfill, recycling, or incinerator. The tool is designed to allow the user to select how to manage each
type of waste that has climate implications. Please note that after completing the waste management
actions, it is possible that the actions in Waste-to-Energy and Fugitive Emissions Capture might not be
relevant for the user. These actions are only appropriate for specific waste management methods:
anaerobic digestion, incineration and landfilling. More information follows.

Once the user has chosen how to manage each type of waste, if there is waste being treated via an
anaerobic digester or incinerator, then the user should select the action under Waste-to-Energy. This
action will allow the user to determine how to use the biogas from the anaerobic digester and the heat
energy from the incinerator. How the user chooses to treat the end product will determine the climate,
energy and cost implications of each technology.

If any waste in the city is being disposed of in a landfill, then the user could select the action under
Fugitive Emissions Capture. This will enable the user to decide whether and how much methane
generated in the landfill will be captured.

Lastly, the user can decide how to collect and what kind of facility would be used to transfer waste prior to
treating or disposing of it.

Waste Management

Within each Waste Management action, the user will see their baseline and proposed waste management
situation in two ways: 1) the percent of the waste type (i.e. paper, organic, plastic) going to each
management method, and 2) the total quantity of the waste type going to each management method. The
user can take action by changing the percent of the waste type going to each management method in the
blue boxes. The user can reset the proposed management actions to the baseline at any point by clicking
on the Reset to Baseline button. Below the Reset to Baseline button, the user will see their baseline and
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proposed waste management situation in terms of quantity of waste (thousands of tonnes). These
guantities will automatically adjust as the user changes the percent of waste being moved.

.@ 4.A Feasibility Assessment 4.C Financial 4.D Co-Benefits
(@ sono woste | o -

r,‘
Emissions Reduction’ % of Solid Waste Energy Cost Annual Savings
Tonnes CO.e/Year Emissions Reduced kWh/Year sus SUS/Year 2030 |

220,510 18.1% NA $0 $0 2020 (2060 )

Food and Yard Waste Management

Action Implementation Assumptions:

‘ood Scrap Management
Anaerobic Open

Recycle  Open Dump Landfill Compost Digestion Burning u
‘Baseline i i 60.0% i 400%  00% i 00% | 00% | 0.0%
Proposed i 00% | 400% 20.0% 00% | 400% | 00% \.‘?‘
iBaseline Quantity (k tonnes) ; i 3785 ¢ 2823 i 00 i 00 i 00 i i
Proposed Quantity (k tonnes) i P00 i 2523 i 1262 | 00 i 2523

/.
erobic  Open

Recycle Open Dump Landfill Compost Incineration igestion Burning
{Baseline i | 600% | 200% i 200% i 00% B 00% | 00% |
:Proposed i 00% | 200% 200% | 600% | 00% /J.-—QA%\M -100%

. p

E==3))

N\ A
T b

=
Baseline Quantity (k tonnes) i {421 140 140 00 i 00 ]
Proposed Quantity (k tonnes) i 0.0 P40 0 140 i 421} 0.0 i 00

Note 1; Emission abatement potential of waste management switching actions is Influenced by the level of methane recovery set by user in the ‘enhanced methane recovery action
Note 2: Energy generation associated with anarobic digestion, incineration. and landfill gas recovery is reported in waste-to-energy and landfill methane actions

Once the user has gone through all of the waste types that the city would like to improve management of,
he should click on the Solid Waste button at the top left corner of the screen to return to the main Solid
Waste Action page. At this time, if the user has chosen to manage some waste with either anaerobic
digestion or incineration, he should select the Waste-to-Energy action. If not, and the user has chosen to
manage some waste via a landfill, then he should select the Enhanced Landfill Methane Recovery action.
If the user has not chosen any of these methods to manage the city’s waste then he can proceed to
another sector.

Waste to Energy

The Waste-to-Energy actions allow the user to determine how the end product (i.e. biogas, heat energy)
of the waste-to-energy technology will be utilized. If the city already has an anaerobic digester and
incinerator, the user can enter what the city currently does with the biogas and/or heat energy in the left
column of the blue cells under Baseline Split. For example, if the city currently manages some waste via
anaerobic digestion, the user can enter how much of the anaerobic digester biogas is flared, used to
generate electricity, used for thermal energy and/or used for co-generation (both thermal and electricity).

Otherwise, the user can directly enter in the proposed split of how the biogas and/or heat energy will be
used in the right column of the blue cells. How the biogas and/or heat energy is used will determine the
emissions impact of the anaerobic digester and/or incinerator.
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Waste-to-Energy (Avoided Energy Use Emissions)

Emissions Reduction' % of Solid Waste Energy ion Cost Annual Savings
Tonnes CO.e/Year  Emissions Reduced KWh/Y ear sus susiYear 2030 )
42,969 NA 103,373,619 $0 $19,318,267 2020 2040 |

Action Implementation Assumptions:

Optimize Anaerobic Digestion

Tonnes/Year

The proposed quantity of waste to be
managed by anaerobic digestion and
incineration was determined by the
user through an earlier action and is
simply displayed for convenience

{Bagsiing Waste to Annerobic Digestion Volume

Anaerobic Digester Biogas End Use Baseline Spiit
Flare Only 100%

Proposed Spiit

Thermal Energy Only
C (Thermal and

¥=100%

Optimize Waste Incineration
Tonnes/Year
42,058

‘Baseline Waste Incineration Volume

The user can change the baseline assumption
of how the biogas or heat energy were being
utilized if the city’s existing methods are not
represented properly. Otherwise, the user can
directly adjust the proposed split of the end
use as desired.

ion Heat Energy End Use N Baseline Split
C tion Only / 100%
tion Only | 0%
0%
100%
v =100%

Proposed Spiit

Note 1: Waste-to-energy emission abatement notincluded in total waste seclor reductions
Note 2: Additional energy generation above reference levels

Fugitive Emissions Capture

If the city manages some waste at a landfill, the user should select the Enhanced Landfill Methane
Recovery action. In this action, the user can decide how much of the methane generated in the landfill the
city will be able to capture. The user will input the anticipated recovery into the blue cell and immediately
see the emissions abatement that will result by each waste type.

Enhanced Landfill Methane Recovery _;,v v_
Emissions Reduction' % of Solid Waste Energy ion Cost Annual Savings
Tonnes COe/Year Emissions Reduced kWh/Year sus $US/Year 2030
508,405 41.7% NA $0 $0 2020 2040

Action Implementation Assumptions:

Methane Recovery from 2020 Landfill Disposed Waste

Rate
Baseline Methane Recovery Rate H 0%
Proposed MethaneRecovery Rate | 15%  |@====== Enter proposed methane recovery rate from the city’s landfill
Reset to
Wesete  Saele Wy s s
paperiCarboard |
Residential Paper 70.0% 39,333 105,935
Commercial Paer; _ 70.0% 59,000 158,902
Textiles 80.0% 41237 66,636
Organic Waste
Food Waste:  40.0% 252,347 119,849
Yard Waste 20.0% 14,019 53,393
Wood 200% 1274 3690
Rubber and Leather 0.0% 0 0
Plastics 30.0% 55,907 0
Total 463,118 508,405

Waste Collection and Transfer Enerqgy

In Waste Collection and Transfer the user can enter information about the current vehicle fleet that
collects waste as well as information about energy currently consumed at any transfer stations, if the
baseline information provided is incorrect. Then the user can determine emissions, energy and financial
implications of anticipated changes in fuel and quantity consumed for both the vehicle fleet and transfer
station.
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Waste Collection and Transfer Energy Efficiency and Fuel Switching v v_

Emissions Reduction' % of Solid Waste Energy ion Cost Payhack Period
Tonnes COyelYear Emissions Reduced KWh/Year sus Years
14,426 0.7% 30,242,490 -$198,359 1.0 2020
Local or ional Action? National/Regional (7 ion Year [2000  [¥)

Action Implementation Assumptions:

Waste Collection and Transportation Vehicle Conversion

Baseline
Baseline Fuel Diesel/Gas oil
Humber of Diesel Trucks 100
Diesel WasteTruck Travel (kmiyear) 2,500,000
Diesel Truck Fuel Efficiency (kmiliter) 02
Diesel Consumed (iter ) 12,500,000
Proposed
Proposed Alternative Fuel Compressed Natural Gas (CNG)
Number of Trucks Converted to Compressed Natural Gas (CNG) 100

Compressed Natural Gas (CNG) Waste Truck Travel (kmiyear) 2,500,000 Use Calculated Data
Compressed Natural Gas (CNG) Truck Fuel Efficiency (iiter 02
Compressed Natural Gas (CNG) Consumed (liter equivalentikm) 12,500,000

Proposed Number of Municipal Fuel Stations 1

Transfer Station Energy Consumption

Baseline
Type of Fossil Fuel Used at Transfer Stations Diesel/Gas oil
DieseliGas oil Consumed (liter 10,000
:Amount of Electricity Used (kWhimonth) 89,990

Proposed
Proposed Alternative Fuel Compressed Natural Gas (CNG)
Compressed Natural Gas (CNG) Consumed (liter 10,000
Amount of Electricity Used (kiWhimonth) 80,000

Return to the main Solid Waste Actions page to see the summary of emissions, energy, and financial
implications of the solid waste actions.

WATER AND WASTEWATER
The Wastewater and Water Action page has three main categories of actions: 1) Wastewater

Treatment Switching and Optimization, 2) Wastewater Biogas-to-Energy, and 3) Water Conveyance
Energy Improvements as seen below.
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e Wastewater and Water Actions - 2020 e ! "”"S"
% of Energy Cost y Period
Tonnes CO,e/Year Emissions Reduced KWhiYear SUS1000 Years @
84,243 30% 214,900,757 -$10,768 No Payback 2020 Cam |
WASTEWATER TREATMENT SWITCHING AND OPTIMIZATION
Action Emissions Abatement % of Action Area Energy Reduced Implementation Cost Payback Period
(Tonnes CQefYear) Reductions (KWhiYear) ($U51000) (Years)
WASTEWATER TREATMENT TYPE SWITCHING 438 1% -3,145,574 $18,554
Wastewater Treatment Type Switching [ GoTo Action | -438 -1% -3145574 18,554 Mo Payback
LATRINE IMPROVEMENTS
Sediment Removal and Treatment [ GoTo Action | NA
ANAEROBIC TREATMENT LAGOON IMPROVEMENTS
Surface Aerators [ GoTo Action | NA
FACULTATIVE TREATMENT LAGOON IMPROVEMENTS
Surface Aerators [ GoTo Action | NA
ACTIVATED SLUDGE TREATMENT PLANT INPROVEMENTS 1,997 2% -596,889 $8,563
Improved [ GoTo Action | 1,997 2% -596,889 8,563 No Payback
DIRECT DISCHARGE IMPROVEMENTS 31,062 kL4 0
Preliminary and Primary Treatment [ GoToAdion | 31,062 37% 0
WASTEWATER BIOGAS-TO-ENERGY
Action Emissions Abatement % of Action Area Energy Generated Implementation Cost Payback Period
(Tonnes COsefYear) Reductions (KWhi¥ear) (3U51000) (Vears)
WASTEWATER BIOGAS-TO-ENERGY OPTIMIZATION 29,384 35¢ 53415406 -$37,885
Biogas Use and Managemant - Energy [ GoToAdion | 29,384 35% 53,415,406 37,385 24
WATER CONVEYANCE ENERGY IMPPROVEMENTS
Action Emissions Abatement % of Action Area Energy Reduced Implementation Cost Payback Period
(Tonnes COsefYear) Reductions (KWhi¥ear) (3U51000) (Vears)
VWATER CONVEYANCE EFFICIENCY IMPROVEMENTS 82,684 98 165,227,814
Water Conveyance Pump Efficiency [ GoTo Action | 82,684 98% 165,227,814 NA
VWATER DELIVERY LOSS REDUCTION
Water Delivery Loss Reduction [ GoTo Action ] NA
TOTAL 84,243 214,900,757 -§10,768

In Wastewater Treatment Switching and Optimization, the user can change their current wastewater
treatment methods and/or improve their current treatment methods. In Wastewater Biogas-to-Energy, the
user can determine how to use any biogas being generated through anaerobic digestion. How the user
chooses to treat the end product will determine the climate, energy and cost implications of each
technology.

Water Conveyance Energy Improvements allows the user to change the pump efficiency for water
conveyance, increase the number of improved water conveyance pumps in the city and improve
distribution water loss.

Wastewater Treatment Switching and Optimization

In the first action, Wastewater Treatment Type Switching, the user will see their baseline and proposed
wastewater treatment types. The user can take action by changing the percent of wastewater being
treated by each treatment type. The user can do this by using the slider to the right of each treatment
type to adjust the percent of wastewater being sent to that treatment type. The two graphs on the right
side of the screen show how the proposed distribution of wastewater treatment types compares to the
baseline in a visual format.

The user should ensure that the total amount of wastewater that is being managed does not exceed 100%
of the original wastewater quantity. To do so, the user can see below the table if there is a green
checkmark with a corresponding text of 100% indicating that all of the wastewater is being managed or if
there is a red number that is less than or greater than 100. The user can reset the proposed management
actions to the baseline at any point by clicking on the Reset to Baseline button.
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Wastewater Treatment Type Switching —

% of Energy Cost Annual Savings s
Tonnes CO.e/Year Emissions Reduced KWhiYear sus SUSIYear 2030
7,657 2.7% -14,742,676 $o0 $0 2020 2040
Action Implementation Assumptions:
vk )\ -
p— Wastewater Treatment Type Baseine : Baseline Distribution of
Latrines 10% 10% " E Wastewater Treatment Types
* 60%
50%
! L 40%
with Biogas Capture [ *
v gas Capt . = 30%
(only) ) ; : - o
without Biogas Capture (.50% L 50% —— gl
““““ with Biogas Capture i i [N v P 10% 1
Activated Sludge Treatment w/o Nitroge tr ent types o | l : . I . N
SR " : ¥ ‘ v
without Anaerobic Digesters [L30% " R N
with Anserobic Digesters : 30% 1 v A T
e Treatment w/ Nitrogen Removal ¢ TS
without Anaerobic Digesters L C * & &
o 5 & ée’
— . &
‘ v
Reset to Baseline ] -

Proposed Distribution of
Wastewater Treatment Types

hotes: 60%
Note 1° Note wastewater management action assumes baseline conditions before optimization 50% +
MNote 2: Assumes primary treatment prior to lagoon; biogas capture potential on primary treatment. s 4

The user can also choose to improve the treatment technologies beyond the baseline through the rest of
the actions in Wastewater Treatment Switching and Optimization. In Latrine Improvements, the user can
change the level of sediment being removed from latrines by adjusting the slider to set the proposed level.
If the baseline assumption is inaccurate, this can be changed by clicking on the “Change Baseline” link
above the baseline sediment removal level.

Latrine Improvements: Maintenance and Sediment Removal ~— S——
issi i % of Energy Reduction Implementation Cost Annual Savings 2020
Tonnes COe/Year Emissions Reduced kWh/Year sus SUS/Year
16,600 5.8% 0 $0 so 2020

Action Implementation Assumptions;
Change Baseline?

Level of Latrine Sedi V4 30% ) Adjust the slider to change the level of
[ »

iProposed Level of Latrine Sediment Removal ' 75% sediment being removed from latrines

<
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For Anaerobic Treatment Lagoon Improvements and Facultative Treatment Lagoon Improvements, the
user can change the percentage of lagoons with surface aerators by adjusting the slider. If the baseline
percentage of lagoons with aerators is incorrect, it can be changed through the “Change Baseline” link
above the baseline assumption. Note that aerators are only applied to lagoons without biogas capture
systems.

Facultative Lagoon Improvements: Surface Aerators — b4 __
issi i % of Energy { Cost Annual Savings
Tonnes CO,e/Year Emissions Reduced kWh/Year sus S$US/Year 2030
10,375 3.6% -28,978,648 $0 $0 2020 Caono |

Action Implementation Assumptions;

Adjust the slider to change the percentage of
:Baseline Percentage of Lagoons with Aerators / facultative agoons with aerators

: Proposed Percentage of Lagoons with Aerators ;

* Note that aerators are only applied to facultative lagoons without biogas capture systems

For Activated Sludge Treatment Plant Improvements, the user can choose the level of nitrogen removal
as well as the percentage of plants with denitrification technology. There are three options that can be
chosen from a dropdown menu for the proposed level of nitrogen removal: 1) Basic (50% removal), 2)
Advanced (80% removal), or 3) Limit of Technology (3 mg/L). The proposed percentage of plants with
denitrification technology can be adjusted through the slider and any baseline assumptions can be
changed through the “Change Baseline” link.

Activated Sludge Treatment Plant Improvements: Effluent Nitrogen Removal Enhancement ——— b4 —
issi i % of Energy Reduction Implementation Cost Annual Savings
Tonnes CO.e/Year Emissions Reduced kWh/Year sus SUS/Year 2030
0 0.0% 0 $0 $0 2020 2040 |

Action Implementation Assumptions:

Level of Nitrog Basic (50% removal)

Choose the proposed level of nitrogen removal from
Proposed Level of Nitrogen Removal: Advanced (80% removal) - th options in a drepdown menu
; ree op ] ropdown menu.
Percentage of Plants with Denitrification Technology: 15% " =
‘ '] g Adjust the slider change the percentage of

activated sludge treatment plants with the
denitrification technology.

For Direct Discharge Improvements, the user can select a new pre-treatment technology to increase BOD
removal efficiency and that what portion of flow the new technology should apply to. The options for pre-
treatment technology are 1) coarse screens or 0% removal, 2) fine screens or 5% removal, or 3) primary
settling or 30% removal.
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Direct Discharge Improvements: Preliminary and Primary Treatment - ~—
issi % of Energy Reduction Implementation Cost Payback Period
Tonnes CO.e/Year Emissions Reduced KWhiYear $US1000 Years
31,062 8.5% o $141,740  No Payback 2020
Net (Fugitive- & Energy-Related) Local or National/Regional Action? [ | ocal =] Implementation Year [2010 -

Emissions Reduction
Tonnes CO.e/Year

31,062

Action Implementation Assumptions:

Baseline Pre-Treatment Technology Coarse screens

BasemE FIeT BUU Removar

T 0%

Baseline Portion of Flow with Pretreatment 80%

Proposed Pre-Treatment Technology Primary settling
Proposed Treatment BOD Removal Efficiency 30%

Proposed Portion of Flow with Pretreatment 80% [ 4 | 3 ]

Wastewater Biogas-to-Energy

The Wastewater Biogas-to-Energy Optimization action allows the user to determine how generated
biogas will be utilized. The user should only select this action if biogas is being generated through an
anaerobic lagoon or anaerobic digester. The user can adjust the baseline assumptions, if needed, by
changing the numbers in the left blue column for each action. Then, the user can decide how to use the
biogas from each treatment type by entering in the proposed split of end uses (vented, flare only,
electricity generation, thermal energy, and/or co-generation) in the right blue column. How the biogas is
used will determine the emissions impact of a lagoon or anaerobic digester.

Wastewater Biogas-to-Energy Optimization y
% of Energy Cost Annual Savings
Tonnes CO.e/Year Emissions Reduced kWh/Year sus SUS/Year [ 2030 |
5,705 0.0% 25,670,185 $0 $0 2020 (2040 )

Action Implementation Assumptions

Biogas-to-Energy from Covered Anaerobic ——

~
Biogas End Use Baseline Split  Proposed Split ™\
Vented / 80% | 80% X
Flare Only / 20% | 20% 1

Electricity ion Only |
Thermal Energy Only

cog (Thermal and Electricity) "\

Biogas-to-Energy from Anaerobic Digesters at Imhof Ta

*applies to primary treatment materials S

Biogas End Use /éelme Split _ Proposed Split D, < .

Vated. ..o o ) +

Flare Only [ 100% | 100% |

Electricity ion Only \ | 0%

Thermal Energy Only | | /

C ion (Thermal and Electricity) A /
~r

g
Anaerobic Digester Biogas-to-Energy

* includes anaerobic digester from Activated Siudge Treatment (AST) with and without nitrogen removal
pa—

~
N
Biogas End Use /lee Split  Proposed smu\

Vented | |
Flare Only 7 100% 0%
Electricity ion Only o] )
Thermal Energy Only \ | /
C ion (Thermal and Electricity /
v =100% v #1009 /
7
~— -

Water Conveyance Energy Improvements

There are two water conveyance actions, one to improve pump efficiency and the other to reduce losses
during water distribution. For Water Conveyance Pump Efficiency, the user is able to improve the
efficiency of water conveyance and increase the proportion of improved water conveyance pumps. The
user can modify both by adjusting the sliders.
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Water Conveyance Pump Efficiency

R % of
Tonnes COje/Year Emissions Reduced
15,296 2.9%

Action Implementation Assumptions:

Energy Reduced
kWh/Year

27,805,893

Implementation Cost Annual Savings
$US1000 SUS1000/Year
TBD TBD 2020

Improve the efficiency of the water conveyance

v & pumps with the slider

9y Value

i line Water C Pump Efficiency 60% H
‘Improved Water Conveyance Pump Efficiency 80% if«
Prop of Water Conveyance Pumps Improved 20% H KO

» J@= Adjust the slider to change the percentage of

water conveyance pumps that have improved
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In Water Delivery Loss Reduction, if the user anticipates any improvements in water distribution losses
then the slider can be adjusted accordingly.

Water Delivery Loss Reduction
Emissions Reduction % of Wastewater Energy Reduced Implementation Cost Annual Savings
Tonnes COe/Year Emissions Reduced kWh/Year $US1000 SUS1000/Year 2030 |
5,327 1.0% 9,683,694 TBD TBD 2020 2040
Action Implementation Assumptions
Technology Value
Baseline Distribution Water Loss 25%
Improved Distribution Water Loss 5% — '7'

Return to the main Wastewater and Water main action page to see the summary of emissions, energy,
and financial implications of the solid waste actions.

TRANSPORTATION

The transportation scenario planning builds upon the Avoid-Shift-Improve! strategy framework
that is commonly used in cities to calculate the emission and energy effects of different types of
transportation actions. This framework categorizes actions as one of the following:

» Avoid/Reduce: addresses the need to improve the transportation system by a reduction in length of
trips or number of daily trips

+ Shift/Maintain: aims to improve efficiency by promoting modal shift from high energy consuming
modes (i.e. Auto) to public transportation or non-motorized options.

» Improve: focuses on vehicle fuel efficiency, low carbon fuels and energy carriers

The following is a brief summary list of the actions in the transport sector:

Low Carbon Urban Design
This module allows the user to specify the reduction in future total trips or trip distance that come as a
product of efficient and compact urban design, and transit oriented development.

Passenger Mode Shift

CURB allows the user to specify the modal shift expectations for the future of the following modes: private
automobiles, motorcycle, taxis, moto-taxis, micro/minibus, standard bus and BRT, subway, light rail,
commuter rail and ferryboats

Vehicle Fuel Switch

This action allows the user to change the fuel usage (motor gasoline, diesel/gas oil, biodiesel, biogasoline,
ethanol, compressed natural gas, liquefied petroleum gas, hydrogen and electricity) of different vehicle
types (passenger automobiles, light and medium-duty trucks, motorcycle, taxis, moto-taxis, micro/minibus,
standard bus and BRT, subway, light rail, commuter rail and ferryboats).

External Transportation Model
This module will allow the user to input from other scenario planning or transportation planning models.

Once entering the transportation sector, the user will find a summary of all sector actions:

1 Dalkman, H. Branningan, C. Leferve, B. and Enriquez, A. Urban Transport and Climate Change.
Deutsche Gesellschaft fur Internationale GIZ

42



Toward Target Sector Emissions

P P 1
/ / N\
- -
. . ( Lzs% ( [ o%)
Transportation Actions - 2020 \\—" \ \
/ \
S~ ~ - —
Emissions Reduction % of Transportation Energy Reduction Implementation Cost Annual Savings 2020
Tonnes COelYear Emissions Reduced kWhiYear $US1000 SUS1000/Year
293,916 9.0% 1,476,033,940 $0 $0 2020
Action Emissions Abatement % of Action Area Energy Reduced Implementation Cost Annual Savings
{Tonnes CO:elYear) Reductions (KWh/Year) ($US1000) ($US1000/Year)

LOW CARBON URBAMN DESIGN 15,891 4 5% 125,798,935

Passenger Trip Reduction [ GoToAdon ) 15,891 5% T 125798935 NA T NA
PASSENGER MODE SHIFT 101,254 4 34% 434,002,717

Passenger Mode Shift [ GoToAdmon ) 101,254 34% T azapoziir | T
VEHICLE FUEL SWITCH 176,771 4 60% 916,232,288

Passenger Vehicle Fuel Switch [ GoToAdmon ) 176,771 50% ¥ 916,232,288 4 T
EXTERNAL TRANSPORTATION MODEL 4

External Transportation Maodel Inputs Go To Action NA NA

TOTAL 293,916 1,476,033,940 $0 $0

In selecting the Passenger Trip Reduction action, the user will be presented with the following page:

@ ‘ 4.A Action Selection — 4.C Financial 1 4.D Co-Benefits
T -
[e Transportation ] ovjard Target Seclo’r Emissions
/ /

Progress Reduction in

( ((26% ( (17%)
/) | 18
. . \ -/ \ - /
Passenger Trip Reduction ~_ N
Emissions Reduction % of Transportation Energy i ion Cost Annual Savings £049
Tonnes COe/Year Emissions Reduced KWh/Year $SUS1000 $US1000/Year
5,417 0.2% 42,886,001 NA NA 2020

Action Implementation Assumptions:

Proportion
of New
Factors Households
iNew Transit-Oriented Development Households i 10% |
{Transit-Oriented Development Trip Reduction Factor i 15% Ol
{Annual Trips Reduced by Transit-Oriented Devel it 18,760,266

In this action, the user can change the percentage of households that will be in transit oriented
development areas in the selected horizon year by adjusting the first slider. The second slider allows the
user to select the percentage of trips that will decrease in these households as a result of transit-oriented
development. This slider is locked to a maximum value of 25%, as this has been the maximum level of
decrease that has been observed in new transit development projects.
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In selecting the Passenger Mode Shift action, the user will be presented with the following page:

T Ferryboat

Baseline

Shift trips from

erventio
n

P —— Reduction in
(@ e e
| (ew) )
Passenger Trip Mode Shift = -
i i ion Cost Annual Savings
Tonnes COzeYear Emissions Reduced KWhYear 5US1000 $US1000Year 2030
207,984 5.7% 877,054,267 $0 $0 2020 2040
Action Implementation Assumptions:
[ect the travel modes that the City would like to shift trips Bmsaline Mocks Share
35.0%
W Private Automobile I Bus - Standard
™ Motorcycle I Bus - BRT 30.0% +
™ Taxi I Subway
I Moto-Taxi [ Light Rail 25.0% 1
™ Microbus I Commuter Rail b0 0%

a specific mode

Mode Mode

Share Share [
Private Automobile T iee% 1T 6a% 5.0% | I
Shift Away from Private Automobile Trips to Other M 60% [ Resel to Zera ] 0.0% | M |
Private Automobile R e R P S
Wotorcycie I ] & G EES x@:,s“v Sl s
& o ™ R
Taxi 1 ol & & o
Woto-Taxi [ V] L
Wicrobus IO ¥]
Winibus [« v
& V) Proposed Mode Share
40.0% « " v 350%
NS O 0.0%
[£ ¥
Commuter Rai FE N\ v Ll
Ferryboat [ Y v 20.0%
Bicycle 10.0% [« N
ak 100% [ N ' 15.0%
10.0% +
5.0% I I I
— T i ]
New distribution [ & & & ° & &

i i f o F E g o &
of shiftedtrips | ¥ ¥ " Fe” T

&

&

The passenger mode shift action allows the user to change the modal shift for the future. The first
checkbox allows the user to select the modes that the user wants to shift away from. Once a mode is
selected, a set of sliders will appear that allows the user to specify the new distribution of those trips for
that mode.

By utilizing the sliders, the user is able to redistribute the trips from the selected mode to a new mode. For
example, the image above shows that the user has chosen to move trips away from private automobiles.
The sliders allow the user to redistribute trips, in this case, 40% of those trips will now be taken by
subway. The tool displays the current and new percentage of trips that will be taken in each mode.

The top graph on the right displays the current modal distribution of trips, while the one in the bottom
shows the proposed future mode share.

On moving the sliders, the user can immediately see changes reflected in the summary bar at the top.
This shows emissions reductions and energy reductions for this specific intervention (i.e. passenger
mode shift, in this case).

The user can return to the transportation sector summary page by clicking on the Transportation button in
the top left corner.
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From there the user can select the Vehicle Fuel Switch action, which will lead to the following page:

O R

. Prog Reduction in

1
( a8 | L3%) ]

Improve: Vehicle Fuel Switch — —

% of Energy Cost Annual Savings
Tonnes CO;e/Year  Emissions Reduced KW Year sus SUSYear (2030
105,209 3.2% 760,701,732 $0 s$o 2020 (2040
Action Implementgti

gefect the vehicle types that would undergo fuel switching» Baseline Vehicle Fuel Distribution

Commuter Rail
Ferryboat

¥ Passenger Automobiles 3 Mombus;

™ Light-Duty Trucks I Minibus

™ Medium-Duty Trucks ™ Bus - Standard
™ Motoreycle ™ Bus -BRT

™ Taxi ™ Subway

I~ Light Rail

90.0%

80.0% 1
70.0%
60.0% T
50.0% -+
40.0% T
30.0% +
20.0% +
10.0% +

itomobiles

Fuel Type Baseline % n% 00% -+

Motor Gasoline (Petrol) 80.0% 75.0% ‘ E )
Diesel/Gas Oil 20.0% Eam v @

iodi = S
Biodiesel \\ " ‘(;_a

-

Ethanol \ (" ' ¥
:Compressed Natural Gas (CNG) \ & ’
Liquified Petroleum Gas (LPG) \ L ]
Hydrogen \ i [E 0|
Electricity 250% \i[« & v
Total v=100% \[__ResettoBaseiine | Proposed Vehicle Fuel Distribution

Similar to the previous action, the Passenger Vehicle Fuel Switch action allows the user to change the
fuel used by vehicles and follows the same logic. The first checkbox allows the user to select the vehicles
for which the future fuel use will change. Once a vehicle type is selected, a set of sliders will appear that
allows the user to specify the new fuel usage for that vehicle type. The user will propose a new fuel for
that specific vehicle type. A new set of sliders will appear for each of the vehicle types selected.

By utilizing the sliders, the user will be able to redistribute the fuel usage from the selected vehicle type to
a new usage mix. For example, the image above shows that the user has chosen to change the fuel
usage of private automobiles. The sliders allow the user select a new fuel mix for these vehicles. The total

mix of fuels must equal 100%; the total sum at the bottom of the page will highlight green when it is
correct.

The top graph on the right displays the current vehicle fuel distribution, while the one in the bottom shows
the proposed fuel distribution.
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The final transportation action, External Transportation Model Inputs, enables users to utilize the
outcomes of more complex behavioral models within CURB. Inputs within this action replace any other
actions within the Transportation module.

-& 4.A Action Selection 4.C Financial 4.D Co-Benefits
- Progress Reduction in
| 0 Transportation ] Toward Target Sector Emissions

| [ 26w | Care) |

External Transportation Model Inputs

Emissions Reduction % of Transportation Energy i i Cost Annual Savings

Tonnes COzelYear Emissions Reduced KWhiYear SUs1000 $US1000/Year
0 0.0% o NA NA 2020

Action Assumptions:

User enters results from an external transportation model in cells below:

Tonnes

Factor COgelYear
iEmissions Reduction in 2020 r 0 |
Factor KWhiYear
iEnergy Reduction in 2020 i 0 |
Factor TripsiYear
{Trip Reduction in 2020 il 0 |
Factor VKT Year
{Reduction in Vehicle Kilometers Traveled in 2020 | 0 |
Factor VKT /Year
NPV of Implementation Cost 2010 to 2020 1 NA |
*If not available put NA

Factor VKT Year
{NPV of Cost Savings 2010 to 2020 | NA |

* If not available put NA

The action allows the user to input the following:

Emissions Reduction in 2020 (CO2/Year)

Energy Reduction in 2020 (kWh/Year)

Trip Reduction in 2020 (Trips/Year)

Reduction in Vehicle Kilometers Traveled in 2020 (VKT/Year)
NPV of Implementation Cost 2010 to 2020 ($US1000)

NPV of Cost Savings 2010 to 2020 ($US1000/Year)

These results will then be used to compare the sector outcomes with the other sectors’ emission
reductions, energy impact and costs.

4.C) Financial Metrics

I. Abatement Cost Curve

This section provides a chart of the emission abatement cost curve for each of the selected actions. Each
action is indicated by a rectangle:

e The width of the rectangle (on the horizontal axis) shows the reduction potential of the action
e The height of the rectangle indicates the cost of the action

e Actions with positive costs are above the zero line

e Actions below the zero line are expected to result in savings (or negative costs)
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The legend below the cost curve allows the user to select and deselect the actions included in the
abatement curve and provides detailed information.

[__4.c.n Financial Performance Chart | [ 4.C.II Financial Performance Tables |

Emission Abatement Cost Curve
The chart below provides an emissions abatement cost curve for the selected actions. Each action is indicated by a rectangle. The width of the rectangle (on the horizontal axis) shows the
emission reduction potential of the action. The height of the rectangle indicates cost of the action. Actions with postive costs are above the zero line. Actions below the zero line are expected to

result in savings (or negative costs).

400

200

$US/tonne COse
8

-200

500 | issi i |

ll. Financial Performance Chart

The present value of annual cash flow of implementation can be seen for each action until the final target
year. The charts provided in this sub-module will allow the city to begin understanding how costs/savings
will vary over time and determine the proper sequencing of actions for their specific circumstances.
Information on first cost, replacement cost, operations and maintenance, cost savings, and cumulative
balance are all included so that the user can visually understand the financial implications of a specific

action.

The user can select which sector (or all) they would like to see the cash flow of implementation for in the
first dropdown and then choose the specific action (or all actions) of interest in the second dropdown. The
chart is then updated accordingly. Below the chart, the user can see more detailed information via a table
that provides the cumulative amounts for the action or sector.
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O B T T e
4.C1 Anstemant Cost Curve [__s.cn_Financisl Performancs Tablss |

Financial Performance
T Fallawing g chaws the ANINEIal parfarmance of the CIty 7 miceh
individual ctions. Uzs the drop downs below ta zaluct the de

TEINEHGN SHONE 37 GETIOpEd Ih S4CHON 4 B ThE UEEl Maf £2Ct £ 1M the SOMPEIS PN TMANGS GF 3l ATUIONE, 3l ACUIEhE MR 5 £42t0T,

[ sooct sector:  Terare eunomaenensr el [ serect actan(er: T anr ruate Buttinssres ctione el

Cash Flow of Implementation (Present Value with 2 0% Discount Rate)

LSS TS S S PP EF L E L PSS TS FEA S S

$4,000,000,000

$2,000.000,000

- =nguannnnnanfiBRRRRQRN IIIIIIIII Il/ﬁl
Ll 1 ’ | | I

$2,000 000000 | . /\

-$4,000,.000000 \/\ \

-$8,000 000000 \

4

m First Cost s Replacement Cost O2M  memCostSavings  ——Cumulative Balance

-$5,000 000000

Ill. Financial Performance Table

This sub-module provides all financial information that was visually represented in the financial
performance chart. Users can see the cumulative financial implications detailed for every single action
that was chosen. The information includes net present value of cost of investment, net present value of
gain from investment, net present value of implementation, return on investment, annual savings (or
revenues), and payback period.

I YT T (ot |

[ 4.ClAbatsment Cost Curve | 4.C.II Financial Perfarmancs chart |
Financial Performance Tables
The Fallowing page shows the ANancial ForFotmance of the GILY s SMizzon reduction schons oz derdloped in Saction 4.5
NPY of NPY of NPY of Return  Annual Savings Pagback
Cost of Gain From Implementation on or Revenues  Period
Sector ! Action Category ! Action Investment Investment [zumulative §] Investme (47 ear) [vearz]
PRIVATE BUILDING ENERGY $22,906,295,644 $24,960, 445,620 $2.054,149,975 01 $335,214,521 172
ENERGY EFFICIENCY & FUEL SWITCHING $15.023.339.6T6 $17.065.866.845 $2.042.527.163 0.1 1564.866.205 177
EXISTING 1AL BUILDINGS $12,315,656,163 115.100,623,410 12.184,937,247 [ $435 676,153 5.6
Lighting - Frasidential 1508,330,016 $2,365,656.631 12,350 126,875 a5 $54,103153 32
applince and Elsctronics - Razidantial 120,135,122 $393 583562 273,355,440 221 3,324,333 &l
Space Heating and Coaling - Residential $ITLEELATS $5,235 560596 §3671 125,878 053 94,640,763 [
“water Heating - Flezidential 32,505, 072.21 $2.326403.756 $4EI5TE4E ot 55,335 165 18
Euiiding Envelopes - Fesidential $2,205,504,355 15,516 412,505 $5.410,6085,465 155 201,165,052 ai
EXISTING COMMERCIAL GUILDINGS. 1567.768,921 550,052,730 17,716,131 0.0 418,404,723 20.2
Lighting - Commercial 13,953, i21 164,666,573 145,707,252 163 34,376,485 13
Applinces and Elsctronics - Commarcial 321,552,051 34,050,000 752,080 0E 108,000 213
Space Heating and Coaling - Commarcial $420,950,745 $242,095.707 175,555,007 04z 165112 w24
“water Heating - Com 1250 285 $6.251,356 4,540,185 384 265,474 34
Euiiding Envalope - C #5038 506 133,009,554 [EEET 027 5 F6T ]
NEW 1 12,016,831,160 $1,315,680,545 -$101,150,314 0.3 149,304,100 313
Efficiant Canstruction - Racidantial 2,076,55,160 HITSEE0,845 70T 50,30 054 43,304,100 EE
HEW BUILDINGS 63,052,852 $39.509.799 -123.543.052 0.4 $1.450.624 235
Efficient Construction - Commercial $63.052.652 $50.509.75 “B25545.002 05T $450.68L 255
PHOTOYOLTAIC SYSTEMS 7,862,955,368 $7,894,578.174 $11,622 06 0.0 1430345, 122 165
Fhatavaltaic - Rasidantial 1,308, 341483 T,513,476,371 3,134,305 .00 428,412,463 65
Phatovoltaic - Commercial 6,614,505 375,102,403 512102 002 3,516,255 w5
DISTRICT ENERGY
Dilstrict Encray

4.D) Co-benefits

|. Co-benefits Matrix

The co-benefits matrix displays the final selection of actions, the emissions abatement (tonnes CO:z/year)
and energy reduction (kWh/year) for each action, and the co-benefits associated with each action. The
co-benefits are currently shown qualitatively with the intention of having quantitative co-benefit
information in subsequent versions.
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What co-benefits will the actions likely create in the community?

Many of the actions identified in the taolkit that have a primary goal to decrease carbon emissions or energy use may also create ther positive sffacts (co-benefits)) in a community. Identifying
these co-benefits can be useful to help justify the implementation of an action to both the city govemment and the wider community. Often public health or economic benefits wil be of greater
interest than carbon emission reduction benefits alone. The following co-benefits are included: air quality, public health, local economy, energy independence, deferred infrastructure, ecolagical
health, public senices and social equity. Please note that where air quality is listed as a co-benefit. public health is not listed as well. The improvement in air quality is assumed to have a positive
public health benefit. Public health itseff will anly be referenced as a co-benefit if it is in addition to air quality related health improvements such as thermal comfort or obesity reduction.

Emissions Abatement Energy Reduction
Action Category / Action (Tonnes CO.e/Year) (KWhYear) ‘Co-Benefits
PRIVATE BUILDING ENERGY
ENERGY EFFICIENCY & FUEL SWITCHING 1,455,848 3,239,283,709 5 606 00
DISTRIBUTED RENEWABLE ENERGY 150,887 400,005,214 S 0O
DISTRICT ENERGY 0 0 e 6 e o
MUNICICPAL BUILDINGS & PUBLIC LIGHTING
MUNICIPAL BUILDING EFFICIENCY 69,070 136,022,029 G 6 o 0 o
PUBLIC LIGHTING EFFICIENCY 10,185 23,107,063 o O e @
MUNICIPAL DISTRIBUTED RENEWABLE ENERGY 13,503 26,963,598 G 6 0
ELECTRICITY GENERATION
GRID ELECTRICITY DECARBONIZATION 13,276,025 nA (= ]
SOLID WASTE
PAPER WASTE MANAGEMENT 701,400 NA G 6 @ o
FOOD AND YARD WASTE MANAGEMENT 852,330 nA G 6 @ o
OTHER ORGANIC WASTE MANAGEMENT 151,329 A G 6 @ o

Il. Co-benefits Description

The co-benefits associated with each action selected are listed with information on why each co-benefit
exists. This can be used as supplementary materials to support the selected actions.

4.A Action Selection 4.B Action 4.C Financial _

4.D.1l Co-Benefits Descriptions

Co-benefits Descriptions
The following page contains brief descriptions of how each action category provides i benefits Additional di of some co-benefits will be available within the case studies portion of the
Implementation module. Note that red text indicates a negative impact

Action Category Co-Benefit D

PRIVATE BUILDING ENERGY
ENERGY EFFICIENCY

Interior air quality can be improved by reducing the volume of fuel (e.g. natural gas, kerosene)
Air Quality combusted within a building. Reductions in grid electricity use can also reduce regional air
pallution depending on the source fuel.
Benefits public healin by reducing cost of adequate thermal comiort, potentially reducing
morbidity and mortality in populations sensitive to extreme temperatures.

Public Health

Reduciions in bullding energy USe reduces cost When a bUSINESs of household lowers their
Local Economy energy costs, the savings can be spent elsewhere in the local economy, resulting in
additional jobs.

Energy Reductions in building energy use reduces the community's vulnerability to energy price and
Independence supply shocks.

Deferred Building energy reductions can help defer the need for energy generation infrastructure
Infrastructure development.

FUEL SWITCHING

Depending on the fuel switch made, interior air quality may be improved, particularly ifthe
Air Quality volume of fuels (e.g., natural gas, kerosene) combusted can also be reduced. Switching to
cleaner fuels can also reduce regional air poliution.

DISTRIBUTED RENEWABLE ENERGY

Generating electricity through renewable sources can reduce regional air pollution if

00 0 60000

Air Quality Teplacing electricity genarated using fossil fusls

Energy Reduces the need for imported fossil fuels reducing the community's vulnerabiliy to energy
Independence price and supply shocks.

Deferred Distributed renewable energy requires local infrastructure, but can help defer large scale
Infrastructure energy generation infrastruciure development
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RESULTS

Results demonstrates the combined and individual impact of chosen actions on urban emissions, energy
and costs. Here the user can see how actions add up to reach the city’s emissions target, understand the
financial implications, and view the emissions and energy impacts. If desired, the user can go back to
adjust or select additional actions.

5.A) Aggregate Results

I. Emissions Performance

This section demonstrates results in terms of GHG emissions. In the graph, the dark line represents the
Reference Case Forecast, which is a “business as usual”’ scenario of how emissions are likely to change
over time in the absence of action to reduce emissions. The Reference Case Scenario is based on the
growth factors entered in Section 2.B.

35,000,000 Tonnes COZeYear Emissions Metric

| 2010 Base Year Emissions Level
20085718 Base Year

30,000,000

2020 Emissions Levels

25055412 Baseline Forecast
25 000,000 | 20% Target (% below 2010 base year level)
16,068,574  Allowable Emissions
21,897,463 Achieved w/ Actions

20,000,000 5,828,889 Achievement Gap

Tonnes COZe/Year

. © VO 2030 Emissions Levels
L T 29,007,665 Baseline Forecast

B 35% Target (% below 2010 base year level)
- 13,055,717 Allowable Emissions
23,760,322 Achieved wi Actions

10,704,605 Achievement Gap

10,000,000

2040 Emissions Levels
5,000,000 32,262,840 Baseline Forecast

50% Target (% below 2010 base year level)

10,042,859 Allowable Emissions
23,516,610 Achieved w/ Actions
13,473,791 Achievement Gap

]
2010 2020 2030 2040

Legend:

National Actions e Solid Waste
0 Frivate Building Energy ° Wastewater
Municipal Buikling & Facility Energy 6 Transportation

Energy Generation ——  Baseline Forecast

—®@— Terget Trajectory

The dashed blue line represents the emissions target set in Section 2.D. The colored wedges represent
emissions reductions from the Reference Case Scenario based on the different actions selected and
developed in Section 4.B, which each color representing a different sector.

The graph helps demonstrate whether the actions developed have helped to meet emissions reduction
targets, showing also the relative contributions of actions in each sector. If current actions do not meet the
target, there are at least two options for further action.

First, the user may wish to adjust the ambition of the target, either by changing the level of the target or
the target type. To change the level of the target, the user can simply use the arrow keys at the top of the
graph. To change the type of target, the user can go to Section 2.D to choose a different and less
ambitious goal (for instance, a baseline scenario target instead of a base year target).
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The second option is to return to the Action module and select more or different actions, or else increase
the ambition of actions already selected, for instance by increasing the penetration rate. Note that it is
generally better to pick actions that are achievable if target and results are to be realistic.

The table on the right gives a more detailed breakdown of the information displayed in the graph. For
each target year, the user can see emissions quantities for the Reference Case, the target set, the
reductions achieved with interventions, and any potential gap between the target and delivered reductions.

Il. Energy Performance

This section demonstrates results in terms of energy performance. Information is presented in the same
format as Emissions Performance (5.A.l) above, only with progress shown towards the energy reduction
rather than emissions goal.

Energy Reduction Performance of Selected Actions
The char below shows the greenhous gas reduction potential per sector of the City's selected actions for the years 2020, 2030, and 2040 Hole that the ser can adjust the targets on his pags
and they will adjust the values in the Target Setting page in the Inventory Module.
2020 Target: E 2030 Target] 2040 Targere] 5% |
20,000,000 MWhiYear Energy Use Metric
2010 Base Year Energy Use Level
70.000.000 51,239,383 Base Year
2020 Energy Use Levels
62,244,912 Baseline Forecast
60,000,000 1 20% Target (% below 2010 base year level)
40991507  Target Energy Use
50,000,000 = 5T373,739  Achieved wi Actions
5 “m.‘___ 16,382,233 Achievement Gap
% 40,000,000 . _ 2030 Energy Use Levels
------- 69,596,013 Baseline Forecast
R S 35% Target (% below 2010 base year level)
e T 33,305,509  Target Energy Use
» 64,849,426 Achieved wf Actions
20,000,000 31,543,820 Achievement Gap
2040 Energy Use Levels
10.000000 76,042,123 Baseline Forecast
50% Target (% below 2010 base year level)
25619692  Target Energy Use
0 N .
2010 2020 2030 2040 69385186 Achieved wl Actions
43,765,494 Achievement Gap
Legend:
National Actions e Solid Waste
0 Private Building Energy a Wastewater
Municipal Building & Facility Energy G Transportation
Energy Generation —— Baseline Forecast
- @=Target Trajectory

5.B) Sector Results

I. Emissions Performance

The graph in this section shows the same results as in 5.A.l, but with more emphasis on the relative
contributions of each sector to emissions reductions, including those attributed to national actions. This
graph is shown as a waterfall so that users can quickly see which sectors are contributing the most to
emissions reduction.
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( 5.B.1l Energy Performance
Abatement Potential per Sector in 2020
The waterfall chart below describes the emission reduction potential of the selected actions per action area for the target year. Use the toggle above to change the target year 5
= =m—— = s (2038
National/Regional Actions: [Show within Sectors |v)| (2080
. = Abatement Potential in 2020
|__Print Chart b
35,000 Action Area tCOzelYear
National Actions: 0
200 | 50061 [ o s Private Building Energy: 1,185,324
o 7 3408 Municipal Buildings & Lighting: 71213
g o D _ Electricity Generation: 3,408,164
3 114 45 21090 Solid Waste: 1,944,255
Qo..../| W | | 0 4 ] S S i e Wastewater & Water: 113,627
E 20,000
Transportation: 438410
g Target, 19,193
2 15,000
H
H
2
" 10,000 |
5,000 |
0+
1 2, & 2
2 % %, o, %, %, %, %, 2
Yy “s, Yy Yy %,
%, s, %
o, %, ‘&‘b %, q.,%f 3 %, %, %,
s, % 4 ?,
CY S, kS %, 6, “o
L2 % %, %
) %,
% %,
%v v

The user can select whether to view the waterfall graph in terms of sectors as seen in the screenshot
above or in terms of national actions versus local actions by sector. The latter chart enables the city to
quickly understand what sectors they have more control over and what they can contribute to emissions
and energy use reduction.

[ 5.B. Energy Performance
Abatement Potential per Sector in 2020
The waterfall chart below describes the emission reduction potential of the selected actions per action area for the target year. Use the toggle above to change the target year 503
e e (203
National/Regional Actions: [ Show Separately I3} (2000 )
o S Abatement Potential in 2020
(_Print Chart_)
35,000 Action Area t COzelYear
National Actions: 4,809,053
P 3 627
30,000 — . rivate Building Energy: 855,62
i Municipal Buildings & Lighting: 22,647
H ( i ion:
3 56 000 | ‘ D | 5 Electricity Generation: 0
g --------- S — -23 0 . 12 438 21,090 Solid Waste: 923,626
Oconas | (N [EeT)  | TTTT Wastewater & Water: 111,630
220,000 -
H Transportation: 438,410
K Target, 19,193
15,000 -
H
3
2
= 10,000 -
5,000 |
0+ y
1 1 & 8 4, 2
2, “%, ,o%’ e, %, %, %, . 2
£ %, 3 %y, % L7 s, %, %
%, %, s, ‘% % .y %, %6,»
2
%s lq".v ?9@0 @;&b os.-o’ ‘166 2 %’(‘
".va“ Qb,, €, 9 z B
%, @44)
%0 °

Il. Energy Performance

This section demonstrates results in terms of energy performance. Information is presented in the same
format as Emissions Performance (5.B.l) above, only with progress shown towards energy reduction
rather than emissions goal.

52



5.C) Action Summary

The table in this sub-modules shows the emissions reduced/year, % of total emissions reduction, energy
reduced/year, implementation cost, and annual savings for every action in order to compare the results
side-by-side rather than view these results individually or sectorally in the Action module. Users can
return to the sub-module 4.B. Action at any time to alter actions.

I . YT BT (o
[
Action Summary - 2020
The fallowing ) 3 Selected actians.
% of Total
Sector ¢ Action Categary | Action Reductioas
PRIVATE BUILDING ENERGY 9% 4243, ) i
e e F TCTENCT & FOED 659,203 ] 2.122,009.664 43.045.853 $2.365.253
EXISTING RESIDENTIAL BUILDINGS 588101 3% 1,539,683 411 32597116 2.063 893
s ax 954,655,555 313,015 1634,002
2751 ) 55155551 39578 193,020
03,455 w 535,3%5,400 538,528 s146,325
5953 I 485203181 1433452 453,205
Euilding Enval ol 21248 3 182353.685 42,057 15246
EXISTING COMMERCIAL GUILDINGS 26150 <% 56745917 199.679 105145
Lighting - Cor 0053 ) 21699,383 .10 3956
ase ) 540,000 1288 sar2
0540 I 21121811 2l 153,05
12t <t Tz $15 1653
5.6 <t 12754527 22372 122,360
43.090 <z 122,626,601 1941105 312,876
43,080 ) 122,626,501 1341103 4132576
1368 <z 2343123 [ 5355
1368 <t 2943129 11,355 1535
41045 i 90,233,904 $198,391 $162,350
10426 <t 5,845.431 $195a3 s159,921
ol 620 <t 1385413 32360 12,423
DISTRICT ENERGY o o3 o $0 $0
G Enirgy o 0% o 0 0
MUNICIPAL BUILDINGS & PUBLIC LIGHTINC 17,349 <1% 59,941,638 §12,849,819 3,985,900
EXISTING MUNICIPAL BUILDINGS 5.072 oix 1.146.991 $42.224 $20.065
Lighting - Municigal 1254 <t 2156042 1312 14,902
1572 <t 4,115,165 25210 51,400
1305 ) 4,278,381 115,705 11695

5.D) Scenario Comparison

In the Scenario Comparison sub-module, users can save up to three scenarios, which are a
comprehensive suite of actions, and then see how they compare when deciding the city’s final set of
actions. The sub-module provides information on how the scenarios compare to their targets, how they
compare to each other by sectoral and overall emissions, and how they compare in terms of emissions,
energy and costs. The scenarios that are saved are static and cannot be changed. The current scenario
can always be adjusted based on lessons learned from previous scenarios.

|. Scenario Selection

This action allows the user to name and save the current scenario in order to go back and build a new
scenario. In Add a Scenario, users can select whether they wish to save the current scenario as Scenario
1, 2 or 3, name the scenario, and save it. As scenarios are developed, if the user wishes to remove any
previous scenario and add the newly developed one, the user can scroll below to Remove a Scenario and
select the scenario to be removed before pushing the associated button.
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@ T ————TTTTE |

5.0.1 Scenario Selection [ 5.D.JiScenario Results | [ 5.0l Scenario Charts | [ 5.0.IV Scenario Tables |

Scenario Selection

The Scenaris COmpanson sUb-moaUTe allows you {0 compare the emission reauction, energy Savings, and CostImMpICanions of OMerent Packages of acions. You may Use the controls
onthis page to save up to three packages of actions. These pacakges can be comparad to the current live scenario. Note that the saved scenarios are staic and action assumptions
cannot be changed ence they are saved.

Scenarios Available for Comparison

Current Scenario: This is the package of actions and implementation assumptions thatis selected in this CURB workbook.
Scenario 1: Minimal targets

Scenario 2: Wedium targets

Scenario 3: The most aggressive

Add a Scenario:
Step 1) Save current scenario as:

Step 2) Enter scenario description:
[uinima tergets |

Step 3) Push save scenario:

Remove a Scenario:
Step 1) Select scenario to remove:

Step 2) Push remove scenario:

Remove Scenario

Il. Scenario Results

In the graph, users can see the emissions trajectory for all 3 saved scenarios, the current scenario and
the baseline projections. Users can compare these results to any of the targets set by selecting the
scenario with the desired targets. Users can select the scenario in a dropdown to the right of the chart.

5001 &

(5.0 Scenario Charts | [ 5.0.¥ Scemario Tables |

Emission Reduction Performance of Alternative Scenarios

The chart below shows the greenhouse gas reduction potental of the allerative scenarios and therr component actions and mplementation assumptions for the years 2020, 2030, and
2040, Use the dropdown list on the bottom right to view the target achievement of a specific scenario,

COZefYear Emissions Metric
35,000,000

Baseline Emissions

18,960,476  Base Year
30,000,000

23,468,989 2020 Baseline Forecast
27,012,625 2030 Baseline Forecast

30,002,697 2040 Baseline Forecast
25,000,000

Emission Targets

14,030,754 2020 Target

g 20.000.000 26% below base year levels
= 9 7963401 2030 Target
53% below base year levels
15,000,000 3,792,086 2040 Target
B80% below base year levels

Performance of Selected Scenario

10.000.000 15,644,487 2020 Scenario Emissions
17.5% below base year levels
17,264,742 2030 Scenario Emissions
5000000 8.9% below base year levels
19,713,166 2040 Scenario Emissions
4.0% below base year levels
2010 2020 2,030 2,040
Legend: __  gocefine Forecast ‘Scanaric 1; Minimal targets
@~ Targst Trajectory ——  Scenario 2: Medium targsts
——  Curent Scensrio ——  Soenario 3: The mast sggressive

IlIl. Scenario Charts

Users can select which metrics to compare for a given horizon year across the scenarios and whether
they want to compare by sector or overall. Users can compare across emissions reduction, energy
savings, and cost performance of the scenarios.
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5.01 Scenario Selection | [ 5.0.11 Seenario Results [ 5DV Sconario Tables |
Comparision of Scenario Implementation Cost in 2020
The folowing charts faciltale comparision of the emission reducion, energy savings, and cost performance of the scenarios. Use ihe dropdown oplions below [0 select the comparision
metric: tme horizon and type of comparision
Select Metric: [Cost []] [ setectHorizon: [zvm [)| [ setectoeti: [CostbySestor 8]
Net Present Value of Implementation per Sector per Scenario
45,000,000
40,000,000
35,000,000
30,000,000
2
8 25000000
&
2
B
20,000,000
15,000,000
10,000,000
5,000,000
0 L
0
BAU Current Scenario 1 Scenario 2 Scenario 3
LM (1) o s © v
L Y — © e
MurispslBuiing & Facity Energy (5] Trensporsion
Erergy Generation

IV. Scenario Tables

This table provides the same information as in the Scenario Charts and more detailed information. It
allows users to compare between all scenarios and actions taken. The user can select the metric
(emissions reduction, energy savings, or cost performance), horizon year, and the level of detail desired.
At any point, a user can revisit the current scenario to make adjustments as needed based on the
comparisons.

(501 Scenario seieation | (501 Seemano Aesuits | [ 5.0 seemario charts |

Action Summary

The folowing lables compare the emission reduclion, energy savings, and cost performance of he sGenaros and ek component achons.

[ ‘setect metric:  [Emizsions 5] [ setect Horizon: [2040 (]| [ setectDetait:  [action Comparisen (=]

Action Comparison: 2040

CURRENT SCENARIO SCENARIO 1 SCENARIO 2 SCENARIO 3
Emission Emission ? Emission i Emission i
Sector / Action Category { Action (Tonnes CO,efYear) (Tonnes CO.e/Vear) (Tonnes CO.efYear) (Tonnes CO.eiVear)
PRIVATE BUILDING ENERGY 2,322,111 2,322,111 2,322,711 2,320,398
ERERGY EFFICIERNCY & FUET 1,240,559 1,240,559 1,240,559 1,615,809
EXISTING RESIDENTIAL BUILDINGS 1,079,445 1,079,445 1,079,445 1,377,499
Lighting - Residential 214326 214,326 214,326 239,447
Appliznce snd Elecorios - Residerdsl 23572 23572 23572 185,550
Space Heating snd Cooling - Residential 173,736 179,738 173,796 197542
ater Heating - Residential 05,577 105577 05577 0,953
Building Enwvelopes - Fesidertial 556,175 556,175 6,175 793,557
EXISTING COMMERCIAL BUILDINGS 47,326 47.326 47,326 59,307
Lighting - Commercial e 12534 12,634 4,930
Appliznces andElecuenics -Commercial 273 273 213 320
Space Heating snd Cooling - Commercial 20,882 20,882 20,882 26,303
‘ater Heating - Commercial s07 507 07 64
Brilding Envelope - Commercial 3030 13030 13,030 15031
NEW RESIDENTIAL BUILDINGS 10,013 10,013 110,013 75,410
Efficient Construction - Fesiderial 0073 001 0013 175,410
NEW COMMERCIAL BUILDINGS 3975 3775 EXEE 3533
Efficient Construction - Commercial 3,775 3,775 3775 3593
PHOTOVOLTAIC SYSTEMS 1,082,212 4,082,212 1,082,212 704,590

Photousksic - Fesidertisl 1078,028 1078028 1.078,028 701,753
Phatouskaio - Commercial 4184 4184 4184 2831
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