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Political targets

Political Targets in Europe by 2020 Political targets in Denmark
e 20% reduction of CO2 o All Buildings fossil free by 2035
» Transport fossil free by 2050

» Building Energy consumption frame:
20-25kWh/m?2

» 20% share of renewables in energy mix
» 20% increased Energy Efficiency
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How to achieve the climate and energy targets ?

In reality there are only two ways to achieve the targets

Energy efficiencies — We need to consume less energy!

Renewable energy — The energy consumed needs to be renewable!

Source: www.climatechangenews.com

www.ngdir.ir
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Large potential for energy savings

Buildings account for one-third
of total final energy consumption

in the world ...
EU example: EU building example:
Industry Water
27% heating

Buildings 25% Space
41% heating
58%
Cooking
7%
Electric
liances
Transport app
320/0 100/0
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Efficiency of district heating and buildings in Denmark
- Energy demand is decoupled from the growth

Denmark 2003 building energy consumption per sgm decreased by 29% compared with year 1980, and
53% compared with year 1972

(1980 = Index 100)

160
140 1st Energy Crisis
2nd Energy Crisis
120 p— y - -
gy
100 -
B o gy
80 R ———
60

1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002

e==Heating Area e===Energy Consumption e Energy Consumption per sqm

Source : Danish Energy Agency
Danfoss contributed to three of the four improvement areas
v Improve the efficiency of central heating systems
v'Metering and Charging
v Frequency converters control
o Improve insulation of doors and windows, roof, wall
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In typical buildings large energy savings can be achieved fast
with limited investment

RACKS
mam——— Cost of
B> heat
s savings
1= (€/kWh)

Amount of savings (TWh)

Source: Aalborg University, David Connolly
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Fundamentals

* Key principles for optimized space heating/cooling system performance:
Ensure that
1. the desired temperature level is automatically kept in the room, office etc.

2. the energy the heat/cool emitter needs for providing the desired temperature is
delivered in the right amount, at the right time

* These are the necessary conditions for providing desired temperature levels with as
little energy input to the heat/cool generator as possible — independent of the heat/cool
supply, such as boiler, heat pump, district heating ...
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Status of fundamentals in the EU

Do Europe’s buildings meet the necessary conditions?
1. temperature level is automatically kept: NO

eExample: In EU residential buildings about 500 million radiators are equipped with
manual, non-automatic controls

eThis leads to overheating and unnecessary energy consumption because the heat output
is not adjusted automatically to varying (solar radiation, outside temperature, solar
radiation, occupancy, cooking ...) heat demand

eImprovement potential: replacement of manual by automatic control reduces energy
consumption by approx. 15%-46%, depending on e.g. system characteristics - but
independent of heat supply

eOverall EU annual energy saving potential according to ecofys: 170 TWh
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Status of fundamentals in the EU

Do Europe’s buildings meet the necessary conditions?
2. Energy is delivered in the right amount, at the right time: NO

* We estimate that around 80%-90% of Europe’s multifamily and non-residential
buildings have no automatic adjustment of heat/cool supply to heat/cool emitters - i.e.
no automatic balancing

* Energy consumption improvement potential per building, in addition to automatic
temperature control: between 10%-25%

e Furthermore: lack of comfort due to overheating in some parts of the building, and
insufficient heat/cool in other parts of the building, and due to noise
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Automatic balancing in 30s

e Space heating and cooling demand is mainly dependent on the outside air temperature,
which can vary significantly during the day

* A system is balanced if we have right flow rates and differential pressure in the system,
during full load and partial load conditions to keep constant indoor air temperature.

» Why automatic? Only automatic balancing fulfills this role also at partial load condition.

* Example: Thermostatic radiator valve: ensures the appropriate hot water flow into the
radiator at all load conditions
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A glimpse inside the block ...
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Without automatic balancing

» Too high and too low pressure at many/most rooms in the building

— —:—— ———————————————————————————————————————————— Too high flow

f— By T ——— —Design flow

= . -
4= —- Insufficient flow
d "'\
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Without automatic balancing
» If solved with more flow to the system the general situation will be oversupply

T ——- Insufficient flow
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Hydraulic balancing
- Building installation
o It is necessary to balance the whole system, including the building installation

Optimum
Step 2 solution

/ /)'
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TRV integrated with
pre-setting function
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Pre-setting Thermostatic
radiator valve actuator
Adjustable k,

value W

A
WY

DP controller for
balancing between
risers
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With automatic balancing
* Flow is adjusted to the actual demand

———————————————————————————————————————————————— Too high flow

—————————————————————————— —Design flow

E —- Insufficient flow
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ey W Housing association in Sweden

3 years

payback time after
Implementlng

automatic balancing [
and thermostatic /
radlator valves.

Case story | Hydronic Balancing & Control

Housing association in
A_,‘ Sweden saves more than e Residential building with 25 apartments and

20°/oon the energy bl” a total floor area of 1.876 m?

Entgy ficiency and ndoor comfortaretopfind * New thermostatic valves and an automatic
e i R e balancing solution increases comfort and

housing association "Bostadsbolaget AB®in Mjolby took

i il reduces energy consumption by more than

bill due to insufficient heat distribution in a 10-storey
residential building. 2 0 0/0

Energy consultants from Danfoss were called in to review the

existing solution and to propose a new cost and energy efficient

solution. After the analysis, the housing assodation decided to

implement an automatic balancing solution for the heating PY E ne rgy Savi n g s u p to 1 29 M W h pe r yea r
system and to install new thermostatic valves on all radiators. )

With the new solution implemented, the housing association

now saves more than 209% on the energy bill every year.
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Increased comfort

Optimized comfort by control of heating
with new radiator thermostats

Residential building in Holland with 144
apartments

6 radiator thermostats per apartment

Energy savings up to 228 MWh per year
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Energy-efficient solutions
- short payback time

» Well-proven solutions already exist. Why wait?

Estimated Repayment Estimated

Energy renovation savings period investments (DKK)

Replacing manual valves with

— (0] — H 3
thermostats 20 - 25% 2 — 3 years 500 DKK per radiator
Balancing valves 5-15% 2 - 3 years 200 DKK per radiator**
Replacing the_0|l or gas boilers with 50 - 75% 10 - 15 years 100 - 130.000 DKK*
heat pump (air-water heat pump)

Replacing an older oil boiler with . ) kK
modern condensing boiler AV = D= /e S0 (B
New low energy windows 20 - 25% 20 - 25 years 150.000 DKK***x*
Insulation of exterior walls and roof 10 - 20% 15 - 25 years 150 - 200.000 DKK****
* Calculations are based on an average Danish household of approx. 130 m? equivalent to the average of the
approx. 1.6 million households that the Danish District Heating companies supplies
*x Based on buildings with several apartments — investment will vary with the number of apartments

*x*x  Based on data from the Danish Oil Industry Association (EOF)
xxxx  Figures from the Danish portal Bolius — knowledge center for homeowners
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Buildings - Thermostatic Valves

Manual valve

Y EEIRVELYE

old
thermostat
(>15 years)

Old thermostat
(>15 years)

New RA 2000
thermostat

New RA 2000
thermostat

Electronic
thermostat
(no setback)

Electronic
thermostat (no
setback)

Electronic
thermostat
()

Electronic
thermostat (P1)

Electronic
thermostat
(P2)

Electronic
thermostat (P2)

Electronic
thermostat
(P2 +
holidays)

Electronic
thermostat (P2 +
holidays)

P1 = Set pack period 17°C, all days 22:30 - 06:00
P2 = P1 plus set back period 17°C all working days 08:00 - 16:00
P2 + holidays = P2 plus 1 week holidays in October and February

Oddgeir Gudmundsson - 2016

...additional
functionalities
coming...
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Energy efficiency is required on both the demand and supply
side of the heat sector

RACKS
— CﬁSt of Cost of supplying
_Boe eat environmentally
savings friendly heat
= (€/kWh)

Amount of savings (TWh)

Source: Aalborg University, David Connolly
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Optimum energy usage

e The optimum energy use can be found by exergy optimization
=» Matching energy quality supplied to the energy quality demanded

Energy supply Energy use

Sources
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What is district energy

Source: Danfoss A/S

Danfohd
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Space heating/cooling
- Simultaneity results in lower total generating capacities

» Different consumers have their peak demand at different times. District energy systems
can take advantage of this fact.

Sum of individual peak
<€ demands

Combine _ 259 higher then
e ~—MIXED USE COOLING/HEATING PROFILE § - 250 igher tren
demand 200

250

* Significantly reduced total
capacity compared to
individual solutions

200 | /

150 Individual peak -
demand

* Optimized boiler operations
leads to maximum boiler
efficiencies

100

50

0
1 2 3 45 6 7 8 91011121314151617 18 19 20 21 22 23 24

Hotel M Leisure M Retail H Residential Office
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Environmental and cost efficient sizing of heat sources
- Danish example

o If we look on the heat load curves of cities we typically have something like
the following:

Duration curve - Using Copenhagen reference year weather data

) ————————————————————————————————
l B Gas HOB [Mw]
180 . B Heat storage
160 Unused capacity S
140 [ Waste to energy HOB [MW] One 200 MW pla nt
E —Total line would have
s 120 approximately
;- 100 43?/1-) ye-arly
] utilization
o 80
5]
($)
60
40
20
0
0 1000 2000 3000 4000 5000 6000 7000 8000
Hours of the year [h]

» How to choose the right heat source or mix of heat sources for the given heat
demand profile?
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Cost of heat from different sources

* Example of available heat sources:

» Waste incineration HOB - Sizes 15-60 MW (60% minimum load)
* Biomass HOB - Sizes 1-100 MW (25% minimum load)
» Natural gas HOB

250
——Biomass HOB - Wood chips
\ \ —Gas HOB
200 —\Waste to energy HOB
\ \ \ Cost of one heat source

439% yearly utilization approaCh:
\\\ - Gas HOB: 87 EUR/MWh
100 ~— I/

- Biomass HOB: 61 EUR/MWh

\\\ - W2E: 53 EUR/MWh

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Yearly plant utilization [%]

-
w
o

Cost of heat [EUR/MWAh]

w
o

0

e In this case it is clear that the base load provider should be the
waste to energy plant
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Pooled heat sources
- Economic and emission optimum

» Given underlying assumptions the optimum plant combination in respect to
heat cost and environmental emissions would become

Duration curve - Using Copenhagen reference year weather data

200
Gas HOB - 80 MW and 4% plant utilization - ~148 EUR/MWh i Gas HOB [MW]

180 Gas consumption 27,400 MWh = Heat storage

160 - 3.7% of the total heat demand = Biomass HOB [MW]

140 I Waste to energy HOB [MW]
E Total line
s 120
£ 100
3
a 80
(4]
|9

60

40

20

0
0 1000 2000 3000 4000 5000 6000 7000 8000
Hours of the year [h]

* Average heat cost: 39.7 EUR/MWh
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District heating

- Possibilities of renewable and surplus heat utilization

Large heat

AGRICULTURAL
CROPS & RESIDUES

FORESTRY
CROPS & RESIDUES

SEWAGE

storage

Supermarkets ---Waste_ mcmerattqn

e e - e - -

.
biomass
% sgu rces
\
INDUSTRIAL MUNICIPAL
RESIDUES souo
WASTE
P RESIOUES
s o
]

Industry
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Heat sink )Water
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\ Water

Expansion

sor | Chiller
valve unit

1 Cooling system
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District cooling

Electric chillers

District cooling
distribution grid

Absorption chillers

Evaporator

~ High pressure T Low pressure ~,

=
Bl

Seved
D

P Absorber i -
L / ‘ et Other cooling
Thermal storage tanks Sources
- Ice
- Chilled water

( Free cooling \

Ocean, lake or river

AN

Heat Exchange
Facility

10400 ft 12,0001t

Air cooling
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How district heating and green energy

» District energy is a proven concept to decarbonize the energy consumption

Energy mix In Swedish district heating

TWh CO2 (kg/MWh)
40.000 350.0
50.000 300.0

250.0

0 0

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006

. Biomass

B other (incL solar]
. Surplus heat from industry . Coal
. Waste Matural gas

Peat . oit

Source: Swedish District Heating Association

. Heat pumps
. Electric boilers
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The share of fossil fuels has
been reduced from 90% to
~159%

Heat pumps have phased
out electrical boilers

Green and renewable
energy has grown from
10% to 85% since 1980

CO2 emissions have been
decreased by 80%!
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Low temperature energy sources

& IS

&
e There is an enormous amount
of low temperature excess
heat available in Europe Fo A e Rt e

0 Animal and vegetable products...

@ Chemical industry

¥ Energy sector

__ Intensive livestock production...

" Mineral industry

X Other activities

@ Paper and wood production processing

@ Productiona and processing of metals
B 7 waste and waste water management
EU27
Nen EU2T

* By applying a holistic view on
the energy system these could

be exploited |

TR

SY

y 2 2T

source: Urban Persson, www.4dh.dk
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District heating generations

Mega trends

o 2c )
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Same service but

lower temperature
and higher efficiency

Heat sources
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Thank you for your attention

Contact information:
Oddgeir Gudmundsson
Director, Projects
Danfoss Heating Segment, DK-Nordborg
og@danfoss.com
Linked [} www.linkedin.com/in/oddgeirgudmundsson
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