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Challenges
In the City
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Consumption

Estimated Lot Level Annual Energy

Lot Address
Lot Land Area: m*
Building Floor Area: m*

* Lot Electricity Use: (10° ) kWh
Lot Total Fuel Use: 643716 Therms

(1 m*=10.76 ft* and 1 Therm = 29.30 kWh)

Estimated Annual Energy End-Use Split %

51.4%

Cancumntinn

—6.8%

33.7%

Estimated BLock Level Annual Energy

e

http://gsel.columbia.edu/nycenergy/



http://qsel.columbia.edu/nycenergy/

Source: S
#showyourstripes



https://showyourstripes.info/
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Energy production requires space

vy
HELEN

Land required for each energy source to supply 10% and 100% of the world's current energy demand

Nuclear power |
Geothermal |
Ceal
Solar thermal
Natural gas
Solar Phetovoltaic |
Patroleum R
Hydropower &
Wind #
Current area in crops

All current human uses of land |

Ethanol from sugarcane [

Ethanol from corn s

|

Ethanol from cellulose S

Electricity from biomass [ -

Biodiesel from soy PES—
T

Source: Andrews

0% 10%

Current land uses

¥ To meet 10% of 2010 global energy demand

et al., McDonald
et al., Melillo et
al., EIA.

20% 30% 40% S50% 60% 70% 80% 0% 100%

Percent of Eath’'s land area taken for energy production

“ To meet 100% of 2010 glebal energy demand



Challenges to be
solved: Emissions
& Space



Urban Energy
In Helsinki
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District heating has been increasing efficiency "'

Combined heat and power production  kecen
VS. condensing power plant

~90 %




Energy sources 2019 HELEN

Electricity Heat

8% 1%

3%

22 %

32 % 56 %

34 %
= Coal Natural gas = Nuclear = Renewables = Coal Naturalgas = Biomass w=Heatpump  =OQil
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Particulate matters HELEN

1980 1985 1990 1995 2000 2005 2010 2015
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Carbon dioxide, specific emissions HELEN

IN Helsinki

500

400
300

200

g/kWh

100

1980 1985 1990 1995 2000 2005 2010 2015



444

HELEN

Specific CO, emissions, electricity

EU-27 2017
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< == Finland

November 17, 2020 4:40 PM

‘ 88% 56%
Carbon Intensity Low-carbon Renewable
(gC0O-eq/kWh)
Electricity production |carbon emissions
by source -16W 0GW 1GW 2GW 3GW
nuclear I N —
geothermal
biomass I ]
coal I | 1
wind [
solar |?
hydro [ R
hydro storage
battery storage ?
natural gas [ | I
oil ‘ I
unknown i
3:4|5 PM 10:(I)O PM 4:115 AM 10:5;0 AM

% slack

[#] electricityMap Live: API- Blc

production = consumption

Y

Carbon intensity (gC0:eq/kWh)
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Urban Energy
System In Transition
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Annual wind power production HELEN

INn Finland
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Wind power production in Finland, HELEN

year to date
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Challenges to be
solved: Emissions
& Space & Intermittency



Urban Solutions
by Helen
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Urban Solutions
by Helen

- Production



- Carbon Neutral
by 2035 |
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‘Towards carbon neutral
district heating (ahd energy)

1 Carbon dioxide emissions -40%o,
. Renewables to 25%, halve the use of coal by 2025
=1 meeeeees | |

Phase out coal in 2029

I | e W

3. I Carbon neutral energy production by 2035



replaced by biomass and heat pumps

Heat production

Hanasaari power plant will be

Hanasaatri, fuel capacity
Hanasaari, heat production

Heat pumps

Geothermal heat

Heat trade

Regional renewable solutions
Vuosaari bioenergy heating plant
New heat production, total

MW
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Coal will be replaced with HELEN

wide variety of solutions

« Energy efficiency in production and consumption

 Heat pumps with various heat sources
« Data centers and other industrial waste heat streams
« Sea water heat pumps
« Customer solutions, e.g. ground source and exhaust air heat pumps

« Geothermal heat

» Heat produced by third parties
« Excess heat from Kilpilahti Oil Refinery
« Collaboration with other energy utilities

* Biomass as a source of flexibility
* New techologies, e.g. small and modular nuclear reactors
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Towards carbon neutrality HELEN

CO, emissions, g/kWh
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Urban Solutions
by Helen

- Consumption



neutrality

demand peaks and decrease e

Energy efficiency

Demand management

Solar energy
Services for electr
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" How urban planning can impact
consumption?
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HELEN

Urban Solutions
by Helen

- Space



Circulating energy: =
District heat from excess hea'-" Al

 Already 8% of city’s heating need covered -
by excess heat, e.g. from purified waste
water, data centers, buildings

 Excess heat from properties
recovered with district coollng g

« Based on energy sources that wg)a» d be
7)) “a" NN
left unutilized A NI O

« Will increase in the future many pmject' o
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!‘ 1 —— -
- v

-
-
-



...
|

" How to reserve space for energy
production in urban areas?




HELEN

Urban Solutions
by Helen

- Intermittency
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Flexibility from multiple sources HELEN

Sector integration: power, heat, mobility,
hydrogen

Storages: heat, cooling, power

Demand response MUSTIKKAMAAN

LAMPOVARASTO

Production: CHP, hydro

MUSTIKKAMAAN LAMPOVARASTO
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