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Co-benefits for net-zero cities

NetZeroCities has received funding from the H2020 Research and Innovation Programme under grant agreement n°101036519.




Executive Summary C

In the sustainable transition of a city, climate solutions such as decarbonising transport and heating can provide
additional value other than CO, reductions. These co-benefits are an essential part of the total economics case
for city decarbonisation and support the investment case of solutions. Co-benefits also help cities prioritize and
compare the value of different actions.

Co-benefits are additional benefits from climate actions that address some of the most pressing issues of cities,
for example:

* Improved air quality due to reduced motorized traffic
* Improved physical health from more walking/biking

Co-benefits are mainly connected to either economic growth, health, or inclusivity. Several co-benefits can be
guantified in monetary terms and therefore be added to an investment plan and measured. From previous experience, we
see that these quantified co-benefits often can turn a negative investment into a positive one, meaning they can be
important to motivate and fund climate actions.

This document is a training material about co-benefits, including the economic value of co-benefits, case
examples, and a list of co-benefits for common climate actions.
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The economic value of co-benefits
Case examples
Co-benefits per lever
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Climate solutions can help reduce a city’s CO2 emissions C

Thousand tonnes CO, per year

Example

”””””””””””””””””” Examples of solutions include
electrification of passenger transport

,,,,,,,,,,,,,,,,, - or shift to renewable electricity

Emissions today Increase BAU 2030 Transportation Buildings Electricity Other 2030 targets
until 2030 and heating

Climate solutions grouped by category
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Climate solutions can have a positive impact
on both the climate and other co-benefits

Vg

From lower use of fossil fuels and For example, improved air quality due to
waste incineration reduced motorised traffic or improved
physical health from more walking/biking

NetZeroCities has received funding from the H2020 Research and Innovation Programme under grant agreement n°101036519.

&>
4




The co-benefits of climate solutions .
address the most pressing issues of cities SN

CO‘be ﬂefItS by Category (n Ot eXhau St|Ve) Qualitative (no reliable monetary data exist)

Inclusivity

Co-benefits are worth

Eco- Com- ..
Category of climate Employ- Time Proper- Air Road Physical Well- system Water munity empha5|sm.g b,e_cause they
solutions ment  savings tyvalue quality Noise safety health being health quality Equality assets often add significant value

by helping to solve some of
e — the most pressing issues for
mayors.
Almost all solutions
improve some aspect(s) of
economic growth, health, and
inclusivity although some are
difficult or perhaps even
impossible to quantify.

Built Environment

Energy Systems

For example, investments
into the public transportation
Green Infrastructure may increase property value,
and Nature Based electrification of vehicles leads
Solutions to both improved air quality
and reduced noise pollution,
Waste and Circular while a shift from motorized
Economy transport to biking/walking
improves physical health.
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Main co-benetits for cities can be categorised ('
In economic growth, health, and inclusivity

NOT EXHAUSTIVE

Health improvements of citizens from cleaner air from e.g., reduced motorized transport and
electrification of energy

kg pollutants (NOx, PM 2.5, and
PM10)

Health improvements of citizens from lower noise pollution from e.g., reduced motorized
transport and shift to electric vehicles

km transport from ICE vehicles

Accidents avoided from e.g., reduced motorized transport

# of accidents

Health improvements of citizens from e.g., increased walking and cycling

km transport from walking and biking

Health improvements of citizens from e.g., renovated buildings (better living environment)

m?2 of insulated houses

Ecosystems improvements in the city from e.g., reforestation

Not quantified

Water quality improvements from e.g., reforestation

# of trees planted

Additional jobs created in city from e.g., shift to public transport and increase in construction

# of city-jobs created

Time saved by citizens from e.g., reduced transport and congestion

Time saved (days)

Increase in property value from e.g., expanded public transport and building improvements

Value of property market (EUR)

Equality

Equal access to products and services from e.g., improving access to transportation

Not quantified

NetZeroCities has received funding from the H2020 Research and Innovation Programme under grant agreement n°101036519.

Inclusivity ; : .
Community assets Publicly owned and free-to-use areas/assets by e.g., repurposing parking spaces

Not quantified




Some co-benefits can be quantified In ¢
monetary terms g

Green infrastructure and NBS! [l Energy systems Built environment [l Transportation

MEUR per year, 2030

improved air quality - - The reduction of fossil emissions and planting of trees
p q 1 reduces healthcare costs

. Reduced gasoline-powered transport provides savings
from reduced interference and improved health

Reduced noise

Less traffic reduces the number of accidents and its

Improved traffic safety medical costs

Improved

physical health Increased cycle/walking reduces healthcare costs

Improved aesthetics Planting trees increases property value

and comfort ‘

Natural heating / | Planting trees provides lower cost of heating and
cooling | cooling

Planting trees reduces the need for other infrastructure

Natural water regulation and reduces flooding

Total value of co-benefits 1. Nature based solutions
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Backup: The economic value of co-benefits are based on o,
literature review L.'

Particles NOx: 12.6 EUR/kg fuel (within city) & 21.3 EUR/kg (outside city)?
PM 2.5: 252 EUR/kg (within city) & 70 EUR/kg (outside city)?
PM 10: 22.3 EUR/kg*
Air quality: 6 EUR/tree?

Accident Cars: 0.014 EUR/pkm?
reduction Buses: 0.008 EUR/pkm?
Light trucks: 0.046 EUR/pkm?
Heavy trucks: 0.010 EUR/pkm?

Noise Cars: 0.006 EUR/pkm?

reduction Buses: 0.004 EUR/pkm?
Trains: 0.008 EUR/pkm?
Light trucks: 0.016 EUR/tonnekm?
Heavy trucks: 0.008 EUR/tonnekm?

Others Water regulations: 9 EUR/tree?
Shadlng benefits: 22 EUR/tree? Property value may or may not be
Property value: 43 EUR/tree? considered a societal benefit
Health co-benefits from walking/cycling: 0.3 EUR/pkm?3

1. Essen et. al. (2019). Handbook on the external costs of transport. For European Commission Directorate -General for Mobility, 2. Song et al (2018) - The economic benefits and costs of trees in
urban forest stewardship: A systematic review, 3. Victoria Transport Policy Institute (2019). Evaluating Active Transport Ben efits and Costs.
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Co-benefits are an essential part of the total economics (':.
case for city decarbonisation

ILLUSTRATIVE

Additional benefits arising from actions to

MEUR, 2020-2030 for investments, 2020-2050 for savings reduce greenhouse gas emissions (e.qg., better
air quality from electrification of vehicles).

Investments Energy savings Co-benefits (Health savings)

Transportation Buildings Heating Electricity Fuel Buildings Heat Electricity  Air quality Physical Noice, safety Total
energy production  production activity
consumption
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Each climate solution has its own economic case
iIncluding the value of co-benefits

What new investments or
adjustment of planned
investments!are required
to reach the climate goals,
according to the climate
roadmap?

How do the investments
affect ongoing energy and
other costs for each area?

What other savings are
created?

Which need owners need
to invest in what?

EXAMPLE

Total economy of electrification of passenger cars
Million EUR, NPV (present value), 2020-2050

Other co-benefits

Energy
Investments savings
Increase in Increase in Reduced Improved
investment Investment fuel costs air quality
need - vehicles need - charging
infrastructure

Reduced noice

Other
benefits (e.g.
job creation)

Total
economic case

1. Investments can include either completely new investments or making existing investments in a climate-smart way (which can give rise to an increased investment), e.g. new construction or the purchase of a new car

NetZeroCities has received funding from the H2020 Research and Innovation Programme under grant agreement n°101036519.




The economic value of co-benefits
Case examples
Co-benefits per lever
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Overview of case examples

Decarbonising electricity use in city C is positive for all
stakeholders

ME. NPV of investments 2020-2030 & benefits 2020-2050

Uttt 8 btccun swvogs B Cobersts  Ciizans

80
a7 11 300
b Property 12
2 oumers
85
Ciios. 10
20
Hoaltheare |
201 ET providers
Roofop  Centralised Savings from  Costfor  Reductionin I Total co, 7
solar  solariwind roofiop solar ceniralsed  fossil  airquality  business reduction
solariwind  prosuction case
and from Utites 10

[ NetZaroGites has raceived funding from the 12020 Research and Inovaton Programe Unde grant agroement n* 01036515,

Y
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217

Net recurring costs/savings

The total economic case for city A’s transition is §
profitable with large co-benefits (J

Co-benefits
i L CO;

The total economic case for city C’s transition (@)
is profitable with large co-benefits

ME, NPV investmen b

Additional investments vs basoling Co-benefits

The total economic case is nearly break-even, and

ME, NPV investments (2020-2030) and benefits (2020-2050)
400

Adaitional investments vs basefina

Nat recuming costs/savings

LowCO2  Energy
transport  efficient

——— strongly positive when considering co-benefits for city E

NetZeroClties has

NetZeroCities has recaived funding from the H2020 Research and Innovation Programme under grant agreement n*101036519.

The socioeconomic case is positive for all cities @
analysed

M€, NPV 20202060

B Co-banatis 1 Nt recumiog costsaveags 1 Uptront imvestmanss
8,118

6750 EPYON

3,984
2257
- 1616
= e o
1,235 pe——
CityB CityE CityC CiyG City F

NetZeroCities has received funding from the H2020 Research and Innovation Programme under grant agreement n*101036519.
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The investment need for different types of cities (3

B exa‘m p | eS Investments, Million EUR, NPV 2020-2030 [ Transportation Electricity [l Buildings

6,700

City Al B C D E F G H
Inhabitants (million) <0.5 <0.5 <0.5 0.5-1.0 >1.0 0.5-1.0 <0.5 >1.0
Geography Eastern Europe Northern Europe Western Europe Eastern Europe Southern Europe Eastern Europe Western Europe Central Europe
GDP per capita 9,000 EUR 46,000 EUR 50,000 EUR 7,000 EUR 37,000 EUR 22,000 EUR 38,000 EUR 52,000 EUR
Invest. per capita 5,260 EUR 2,740 EUR 5,410 EUR 3,930 EUR 3,170 EUR 560 EUR 12,430 EUR 4,850 EUR
* Veryambitious ¢ Largefocuson ¢ Verylargefocus ® Evenspreadof ¢ Only 12% of * Llarge e Llargefocuson ¢ Large focuson
scenario electricity on residential emissions heating demand transportation building building
e Focus on emissions building reduction in buildings emissions due to emissions driven emissions driven
reducing building bringing emissions initiative supplied by large share of by investments by investments
emissions renewable share through e Large focus on renewables high- emissions in low CO2 heat in building
through from 48% to extensive transportation resulting in trucks generation renovations and
investments in 92% renovation emissions as investments in new energy-
low CO2 heat almost 95% low CO2 heat efficient
generation electrification generation in buildings

1) City A exemplifies a very ambitious decarbonisation scenario (vehicle electrification is almost 100% in 2030 for passenger cars, truck and buses and
renewable share in electricity and heat generation also almost reaches 100% in 2030. This scenario should therefore be interpreted as a theoretical “visionary”
pathway where deep decarbonisation is carried out in all sectors.

NetZeroCities has received funding from the H2020 Research and Innovation Programme under grant agreement n°101036519.




Decarbonising electricity use in city C is positive for all (:,

stakeholders

M€, NPV of investments 2020-2030 & benefits 2020-2050

Upfront investments Net costs savings [ Co-benefits Citizens
137 11 309
3% Property
ffffffffffff owners
-22
Cities
777777777777777777777777 Healthcare 0
-201 11 providers
Roof-top  Centralised Savings from  Costfor  Reductionin Improved Total CO,
solar solar/wind roof-top solar centralised fossil air quality business reduction
solar/wind  production case
and from Utilities
other current
sources

NetZeroCities has received funding from the H2020 Research and Innovation Programme under grant agreement n°101036519.
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The total economic case for city A’s transition is gun,
profitable with large co-benefits C

M€, NPV investments (2021-2030) and benefits (2021-2050)

Additional investments vs baseline Direct cost effects (energy) Co-benefits
x I I CO;
[ | [ ) [ ) (100 EUR/Y
Investments
Cost savings energy
4
[ Cost savings health 190 6 2,822
570  pummy—
940
230 1 648
640 7777777777777777 . 777777777
270
,,,,,,,, 830
360
-260
-440
-250 -13
Low CO2 Energy efficient Low CO2 heat Low CO2 Improved waste Reduced Reduced Heating Electricity Decreased Total exc. Improved Improved Physical activity ~ Other co- Total CO2 reduction
transport buildings generation electricity treatment vehicle and energy need generation generation waste Co-benefits air quality building benefits (noise, economic case
generation fuel costs in buildings  costreduction costreduction treatment costs insulation accidents)

Source: Material Economics analysis
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The total economic case for city C’s transition C
Is profitable with large co-benefits

ME, NPV investments (2020-2030) and benefits (2020-2050)

Additional investments vs baseline Net recurring costs/savings Co-benefits
\ \ \
[ | | \
80 380
140 77777777777 _ ””””””
70
0 O -
140
220
400 280
310
-500 10
-210
Low CO2 Energy LowCO, LowCO, Reduced Reduced Reduced Heating Electricity Improved Physical  Other co- Total
transport efficient heat electricity  building vehicleand energy generation generation air quality activity benefits  business
buildings generation generation materials fuel costs need in cost cost (noise, case
buildings  reduction  reduction accidents)
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The total economic case is nearly break-even, and (':-
strongly positive when considering co-benefits for city E

M€, NPV investments (2020-2030) and benefits (2020-2050)

Additional investments vs baseline Net recurring costs/savings Co-benefits
A )\ A
[ Y Y )
7,320
1,130 3,610
1110 mm
1520 mm
10 [
77777777 1,630 60
-940 2,640 |
4,820
-4,860
-2,970 0 L3l
-1,540 -10
Low CO2 Energy Low CO2 Low CO2 Waste infra- Forestation Reduced Reduced Reduced Heating cost Electricity  Recycling Forestation Improved Physical Other co- Total CcOo2
transport efficient heat electricity structure  investments  building  vehicle and energy need reduction cost net revenue maintenance air activity benefits economic  reduction
buildings  generation generation materials fuel costs  in buildings reduction quality (noise, case
accidents)

Source: Material Economics modelling
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The socioeconomic case Is positive for all cities G
analysed g

M€, NPV 2020-2060

@ B Co-benefits Net recurring costs/savings Upfront investments

8,118

6,780

3,984

o {.7
‘ l @ 2,623 2,658
2,257 1,616 767

1,596 296 1,609
1,235 I

City B City E City C City G City F
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The economic value of co-benefits
Case examples
Co-benefits per lever
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Overview of levers (not exhaustive)

1. Passenger 2. Freight 3. Built 4. Energy 6. Nature based
transport transport environment systems 5. Waste solutions
1. Reduced 1. Optimised 1. Building 1. Decarbonising 1. CCS on heat 1. Planting trees
motorised logistics renovations electricity and power
transport 2. Electrification of 2. New energy 2. Rooftop solar plants
2. Shift to public & trucks efficient installations* 2. Increased rates
non-motorised buildings 3. Utility-scale of waste
transport 3. Efficient lighting solar and wind collection,
3. Increased car and appliances generation* sorting and
oolin o » recycling
Jeiolling 4. Decarbonising 4. Electrified
4. Electrification of heating machinery* 3. Ir;creafelc_i ra;e
of centralise
assenger cars
P “g : = Equnded , incineration with
5. Electrification of district heating energy recovery
buses network*

Deepdives for levers on following pages

* = Without deepdive

Without deepdives

NetZeroCities has received funding from the H2020 Research and Innovation Programme under grant agreement n°101036519.




1.1 Reduced motorised transportation

ILLUSTRATIVE EXAMPLE

r‘
uP

Legend

-=== Limited -/+ effect

-—— Significantly -/+ effect

Reduced motorised transportation reduces emissions of air pollutants such as NOx, PM 2.5,
and PM 10.

Reduced motorised transport decreases the number of road accidents

Reduced buses and cars on the road reduces noise pollution and related health issues

Employment

Could potentially have negative consequences on employment, since jobs within public transport - - - -
would likely decrease

Time savings

Economic
growth

Reduced time spent for people travelling and vehicles on the road could reducing congestion -

NetZeroCities has received funding from the H2020 Research and Innovation Programme under grant agreement n°101036519.
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1.2 Shift to public & non-motorised transport

Legend

-=== Limited -/+ effect

ILLUSTRATIVE EXAMPLE

Significantly -/+ effect

Reduced motorised transportation reduces emissions of air pollutants such as NOx, PM 2.5,
and PM 10

Reduced motorised transport decreases the number of road accidents

Reduced vehicles on the road reduces noise pollution and related health effects

Significant health benefits from increased walking and cycling

A shift to more public transport could create more job opportunities within the transportation

Employment sector in the city

Economic , , Reduced vehicles on the road reduces congestion and thereby time spent on transportation
Time savings

growth

Expanding public transport to new areas of the city often increases the property value in those

Property value areas

Increased public transport can increase equality in a city, since it can increase everyone’s access

Equality to transportation

Inclusivity

Promotes development of community assets such as repurposing parking spaces and building

Community assets out the public transport infrastructure

NetZeroCities has received funding from the H2020 Research and Innovation Programme under grant agreement n°101036519.




1.2 Shift to public & non-motorised transport

Legend

-=== Limited -/+ effect

r‘
uP

ILLUSTRATIVE EXAMPLE

Significantly -/+ effect

Reduced motorised transportation reduces emissions of air pollutants such as NOx, PM 2.5,
and PM 10

Reduced motorised transport decreases the number of road accidents

Reduced vehicles on the road reduces noise pollution and related health effects

Significant health benefits from increased walking and cycling

A shift to more public transport could create more job opportunities within the transportation

Employment sector in the city

Economic , , Reduced vehicles on the road reduces congestion and thereby time spent on transportation
Time savings

growth

Expanding public transport to new areas of the city often increases the property value in those

Property value areas

Increased public transport can increase equality in a city, since it can increase everyone’s access

Equality to transportation

Inclusivity

Promotes development of community assets such as repurposing parking spaces and building

Community assets out the public transport infrastructure

NetZeroCities has received funding from the H2020 Research and Innovation Programme under grant agreement n°101036519.
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1.3 Increased car pooling

ILLUSTRATIVE EXAMPLE o o mm Limited -/+ effect

-—— Significantly -/+ effect

Air pollution decreases when vehicle kilometres in the cities are reduced

Road accidents decrease when vehicle kilometres are reduced

Reduced vehicles on the road reduces noise pollution and related health effects

Reduced vehicles on the road could reduce queues and thereby time spent on transportation - -
ime savings

Economic

growth

NetZeroCities has received funding from the H2020 Research and Innovation Programme under grant agreement n°101036519.




1.4 Electrification of passenger cars @

4
Legend
ILLUSTRATIVE EXAMPLE -=== Limited -/+ effect
-—— Significantly -/+ effect
A reduced number of ICE cars leads to reduced emissions of air pollutants such as NOx, PM 2.5, -

and PM10

, Promoting the use of private vehicles can be seen as socially inequal given that it is typically - - - -
Equality wealthier citizens who use private cars

Inclusivity

NetZeroCities has received funding from the H2020 Research and Innovation Programme under grant agreement n°101036519.




1.5 Electrification of buses @,

Legend
ILLUSTRATIVE EXAMPLE

e e Limited -/+ effect

- Significantly -/+ effect

A reduced number of ICE buses leads to reduced emissions of air pollutants such as NOx,
PM 2.5, and PM 10.

Electric buses generate less noise than ICE buses. Therefore, noise related health issues -
decreases when the bus fleet is electrified

NetZeroCities has received funding from the H2020 Research and Innovation Programme under grant agreement n°101036519.
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Legend
N N B -

2.1 Optimised logistics

ILLUSTRATIVE EXAMPLE oo
mm—— Significantly -/+ effect

Air pollution decreases when vehicle kilometres in the cities are reduced

Road accidents decrease when vehicle kilometres are reduced

Noise related health problems decrease when vehicle kilometres are reduced

Employment within sector may decrease due to reduced vehicle kilometres. However, - - - -

Employment employment at loading stations might increase

Time savings

Reduced vehicles on the road could reduce queues and thereby time spent on transportation - -

Economic

growth

NetZeroCities has received funding from the H2020 Research and Innovation Programme under grant agreement n°101036519.




2.2 Electrification of trucks C

Legend
1| 1 J
ILLUSTRATIVE EXAMPLE mmmmm Limited -/+ effect

W ——— Significantly -/+ effect

A reduced number of ICE trucks leads to reduced emissions of air pollutants such as NOx, - - - -
PM 2.5, and PM10
Electric trucks generate less noise than ICE trucks. Therefore, noise related health issues - - - -

decrease when the truck fleet is electrified.

NetZeroCities has received funding from the H2020 Research and Innovation Programme under grant agreement n°101036519.




3.1 Building renovations @

Legend
e Limited -/+ effect

ILLUSTRATIVE EXAMPLE
T Significantly -/+ effect

Air pollution decreases when energy consumption decreases - - - -

More energy efficient buildings are often better isolated, which could lead to less temperature - - - -
fluctuations and a better living environment

Increased renovations has a positive effect on employment in construction sector - - - -
Employment
Property value increases when buildings are renovated to become more energy efficient - - - -
ime savings

Economic

growth

1. European Parliament "Boosting Building Renovation: What potential and value for Europe?”

NetZeroCities has received funding from the H2020 Research and Innovation Programme under grant agreement n°101036519.




3.2 New energy efficient buildings ... C

-=== Limited -/+ effect

ILLUSTRATIVE EXAMPLE I . .

Significantly -/+ effect

Air pollution decreases when energy consumption decreases - -

More energy efficient buildings are often better isolated, which could lead to less temperature - - -
fluctuations and a better living environment

Property value increases for more energy efficient buildings.
Property value

Economic

growth

NetZeroCities has received funding from the H2020 Research and Innovation Programme under grant agreement n°101036519.




3.3 Efficient lighting & appliances @,

-=== Limited -/+ effect

ILLUSTRATIVE EXAMPLE I . .

Significantly -/+ effect

Air pollution decreases when energy consumption decreases - -

Property value increases for more energy efficient buildings.
Property value

Economic

growth

NetZeroCities has received funding from the H2020 Research and Innovation Programme under grant agreement n°101036519.




3.4 Decarbonising heating

ILLUSTRATIVE EXAMPLE

O
4
Legend

-=== Limited -/+ effect

——— Significantly -/+ effect

Decarbonised heating sources decrease the emissions of air pollutants such as NOx, - -
PM 2.5 and PM10

Some additional employment for installation of heat pumps and construction of renewable district - - -
Employment heating
Increases value of buildings given lower running costs and more pleasant environment - -

Property value

Economic
growth

NetZeroCities has received funding from the H2020 Research and Innovation Programme under grant agreement n°101036519.




4.1 Decarbonising electricity

ILLUSTRATIVE EXAMPLE

O
4
Legend

-=== Limited -/+ effect

-——— Significantly -/+ effect

Decarbonised electricity decreases the emissions of air pollutants such as NOXx, - -
PM 2.5 and PM10

Installation of rooftop PVs and construction of energy community utility solar and wind could - -
Employment create full-time job-years
Increases value of buildings given installation of rooftop PVs - -

Property value

Economic
growth

NetZeroCities has received funding from the H2020 Research and Innovation Programme under grant agreement n°101036519.
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Get In touch with NetZeroCities!

gg @NetZeroCitieseU NetZeroCities

0
[“:m NetZeroCitiesU @ NetZeroCities EU

{ ) www.netzerocities.eu M hello@netzerocities.eu
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