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Overview

“» Background: importance of public sector in CO2
emissions

“* Aims of the study
“* Methodology

< Detalls of findings related to electricity
consumption in public buildings

“* Aggregate results
+* Conclusions and recommendations
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Introduction

“* Project conducted on behalf of the Hungarian
Ministry of Environment and Water (KVVM)

“* Aim: to estimate CO:z mitigation potential in the
Hungarian public buildings for space and water
heating and electricity
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Half of CO, In Hungary comes from
buildings
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Trends In energy consumption in
Hungarian tertiary sector

Electricity consumption
by sector in Hungary in 2005
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Final energy use by energy carrier in
Hungarian tertiary sector (2005)
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Methodology

< Bottom-up technology-based modelling

%+ Cost curve method used for estimation of cost-
effectiveness of the abatement options

<+ Mitigation scenario is compared to baseline scenario
<+ A BAU baseline scenario is used

“» Modelling framework is partly based on model of the
residential sector developed by Novikova (2008)
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Steps of estimation
of the mitigation potential

Base year CO,
emissions
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Modelling framework of end-uses In
Hungarian public sector

Bottom-up model of energy use
in the Hungarian public sector

Thermal component Electrlc component
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Technology options In mitigation
scenario

<+ Space and water heating:

1 Existing buildings: high-performance building envelope,
temperature management, water demand reduction options,
improved efficiency of heating system

1 New buildings: passive house standard
“» Electricity
- Vendimisers, efficient lighting, reduction of LOPOMO

consumption of office equipment, efficient fans for ventilation and
air-conditioning
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Results 1: electricity
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Electricity consumption by end-use
w  sectors In Hungary, 1965-2005
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Simulation of electricity consumption
In the Hungarian public sector

m Other uses
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End-uses in scope

< Lighting
<» Computers & monitors
<+ Office Imaging equipment

“» Fans for air-conditioning & ventilation

<*Vending machines Wit
«
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Modelling framework

Database of the largest
electricity consumers and the
fastest qrowinq| loads
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Breakdown of electricity
consumption in Hungarian
schools
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Vending miser

% If no one is near the vending machine for 15 minutes and the compressor is not runn
the vending miser will shut off the machlne '

power back to the machine (Ilghts turn on).
< the Vending Miser does not influence the internal thermostat or thezgompressor.




Mitigation options

“*Vending miser for vending machines
“*Lighting
_IReplacement incandescent lamps with CFLs

_IReplacement of T12 magnetic ballast with T8
electronic ballast

IReplacement of magnetic ballast with electronic
ballast, T8 lamps

“» Reducing LOPOMO of office equipment

«» Efficient ventilation fans N,
NN’ N9, ‘.’
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Cumulative potential electricity
savings, 2008-2025
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Supply curve of CO2 abatement
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Results 2:
Composite findings on heat and
electricity
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CO:2 mitigation potential in Hungarian

public buildings in 2025

Euro/t CO2
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CO:2 mitigation potential in cost groups

Total Cumulative
cumulative | energy cost
CO, abatement potential in 2025 investments | savings 2008-
Cumulative By cost category 2008-2025 2025
CO, mitigation % baseline % baseline
potential in cost of modeled 1000 of modeled 1000
categories end-uses | tCO,/yr. | end-uses [tCO,/yr. million Euro | million Euro
<0 EURO 12% 563 12% 544 513 2,117
0 - 20 EURO* 12.9% 589 1% 45 513 2,117
20-100 EURO* 13.4% 615 1% 26 838 2,306
100 - 300 EURO* 20.9% 958 7% 343 3,416 3,208
>300 EURO* 21.0% 962 0.1% 5 3,468 3,259
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Conclusions and recommendations

“» The most cost-effective options are:
-l efficient lighting,
J vending misers for vending machines,
] reduced LOPOMO in office imaging equipment,
1 efficient fans for HYAC and ventilation,
—l switching off the hot water recirculation during nights,
] and temperature management.

< The largest potential is offered by passive house
standard for new construction, exchange of windows,
temperature management, vendlng misers and
replacement of incandescent lamps with CFLs.

< The challenge is to adopt the methodology to reflect the
recent developments in know-how focusing on integrated

and performance-based approaches a0
g
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Thank you for your attention!
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Modelling steps

Developing baseline scenario

Calibration of the baseline electricity consumption and
related CO2 emissions

Forecasting the mitigation potential for each mitigation
option

Analyzing cost-effectiveness of an individual mitigation
option

Constructing the supply curve of CO, mitigation
potential as a function of the cost of CO,

Conducting sensitivity analysis of mitigation COStS ..,/ A
g
3CSEP %




Conclusions & recommendations

“+ Study shows that public buildings offer mitigation
potential at negative costs, esp. by installation of efficient
lighting, vendimisers and reducing the LOPOMO of office
equipment

<+ Reduction of hot water, heat controls and building
envelope improvements offer large potential at negative
COsts.

“» The largest mitigation potential stems from application of
passive house standard to new construction.

< Despite the fact that some components are less cost-
effective, the retrofit of the buildings must be performed
to the best possible level and in holistic way and
checked by commissioning for proper functioning
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Cost of(Cost of]
Cost of| Cost of| Energy energy energy Total invest-|Energy cost
CO, savings|mitiga-ted mitiga-ted savings in]savings in]savings injments 2008-|savings 2008
in 2025 CO, in 2025 |CO, in 2025 |2025 2025 2025 2025 2025
1000

Measure kt CO,/yr. EURMACO, |HUFICO, |[GWh/yr. EUR/KWh  |HUF/kWh mil. EUR mil. EUR
Replacement of incandescent lamps with
CFLs 69 -796 -239 213 -0,26 -78 -299 452
Vending miser for vending machines 86 -442 -133 262 -0,14 -43 35,2 345
Replacement of T12 magnetic ballast
with T8 electronic ballast 10 -430 -129 29 -0,14 -42 24 167
LOPOMO consumption reduction in
office imaging equipment 20 -377 -113 61 -0,12 -37 20,5 147
Efficient fans for ventilation and HVAC 12 -301 -90 37 -0,1 -29 23,3 57,7
Replacement of T8 magnetic ballast with
T8 electronic ballast class A2 35 -289 -87 108 -0,09 -28 81.4 180
Switching off hot water recirculation at
night 7 -253 -76 35 0,0003 0,1 0,12 16
Temperature management 2°C 89 -220 -66 446 0,01 2 37,5 207
Insulation of walls in large industrialized
buildings 65 -106 -32 325 0,03 9 134 146
Insulation of walls in small buildings 30 -79 -24 147 0,03 10 77,9 63,7
Exchange of windows 140 -56 -17 695 0,04 12 378 336
Insulation of roof 53 29 9 264 0,06 17 205 122
Insulation of basement 29 49 15 146 0,06 18 121 67
Passive building standard 273 219 66 1374 0,09 28 2161 670
Condensing boilers 75 236 71 369 0,1 29 417 230
LOPOMO consumption reduction in
computers & monitors 5 322 97 15 0,105
TOTAL 998 4526




Detailed cost curve for Hungarian
public buildings
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Types of electrical end-uses

< Always On products (active and disconnect)

<» On/Off products (active, soft-off and disconnect
(hard off))

< On/Standby products (active, standby, soft off and
hard off (disconnect))

<+ Job-based products (perform a defined “function

cycle” or “job” in active mode) wratin,
’
Source: Fraunhofer I1ZM 2007 3CSEP \%




CO:2 mitigation potential in cost groups

CO, mitigation potential in 2025

Cumulative

By cost category

% baseline of

% baseline of

CO, mitigation potential in cost | modeled end- modeled end-

categories uses 1000 tCO,lyr. uses 1000 tCO,/yr.
<0EURO 13.1% 598 13% 598

0 - 20 EURO* 13.3% 607 0.2% 9
20-100 EURO* 15.1% 692 2% 85

100 - 300 EURO* 20.7% 945 6% 252
>300 EURO* 21.8% 997 1% 53
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Cumulative potential CO: savings, 2008-
2025
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El-Tertiary methodology

% 2-3 week on-site
metering
- lighting by lampmeters,

1 major appliances by
wattmeters, and

o

, Lampmeter pulsemeters
< document analysis
1 energy bills,

 building plans,

] energy supply contracts
< Survey among building
managers

b \\/attmeter
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Supply curve for reducing LOPOMO of
office Imaging equipment
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Supply curve for lighting
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Supply curve for reducing LOPOMO of
PCs & monitors
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Supply curve for ventilation fans
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Electricity consumption by lighting
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Office equipment

Low-power mode

m Normal operation
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Source: Building #5, EL-TERTIARY 2008




Electricity consumption by office
Imaging equipment
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monitors

Electricity consumption by computers &

GWh
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Vending machines, 1998-2004
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Annual sales of vending machines per country

Ye 1998 1999 2000 2001 2002 2003 2004 Annual
growth rate,
Country %
2001 -2004
Austria 7,306 7,557 6,987 8,406 7,157 6,256 9,225 31
Czech Republic 1,399 2,396 2,149 2,425 201
France 37,719 38,974 42,676 43,491 37,737 32,696 34,776 -7.2
Germany 28,730 33,447 33,491 39,276 32,143 30,633 35,956 -2.9
Netherlands 20,296 23,750 25,508 24,062 22,853 25,151 25,273 1.7
Hungary 2,534 5,449 2,445 588 807 984 2,211 @
Italy 39,971 48,385 51,893 47,132 48,225 66,855 78,599 186
Poland 1,280 2,815 2,778 2,328 221
Portugal 3,585 5,918 5,656 8,623 34.0
Slovakia 890 901 723 1,273 12.7
Spain 29,049 28,996 29,470 34,148 5.5
Sweden 5,843 6,596 8,945 7,757 8,568 9,674 11,130 12.8
UK + Ireland 46,964 43,623 40,725 47,511 45,523 44,213 42,718 -35
Total estimated 267,620 253,484 266,494 299,865 39

Source:EVA 2008, BIS 2007



Electricity consumption by vending
machines
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Fans for HVAC & ventilation

Air extraction fan
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Air handling unit
(AHU) (typically

=

Fan coll
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Electricity consumption by fans for
ventilation & HVAC
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Cumulative baseline CO2 emissions
from the Iin-scope end-uses
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CO:2 emissions in Hungarian tertiary
sector
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