Seminars "Energoefektivitates 10.11.2022
paaugstinasana €kas, lait tas atbilstu
nulles emisiju ékam"

060
CLEANTECH
HuB

Ekonomikas ministrija Kompetence, pieredze un tehnologijas

Apmacibu seminaru buvspecialistiem un
projektetajiem organizeésana

ID Nr. EM 2022/53

Riga, 2022
e  Soee 0 SEEEESSS 0 oo 0 maaw 000

s = 1)
CLEANTECH
HuB

Ekonomikas ministrija Kompetence, pieredze un tehnologijas

Training seminar / Apmacibu seminars

Improving Energy Performance
to be Ready for Zero-emission Buildings
Energoefektivitates paaugstinasana ekas,
lai tas atbilstu nulles emisijas ekam

November 10, 2022, Riga

By Prof. Jarek Kurnitski, PhD and Raimo Simson, PhD (Estonia)
s S s o 0 0©00 a0 e

EM iepirkums «Apmacibu seminaru
bavspecialistiem un projektétajiem
organizésana, un norises nodrosinasana»
ID EM 2022/53



Seminars "Energoefektivitates
paaugstinasana €kas, lait tas atbilstu
nulles emisiju ékam"

10.11.2022

o . ..
CLepNTECH Instructions to participants

uB

Ekonomikas ministrija  Kompetence, peredze un tehnloios

Panelists (6)
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2. Register your name using chat (Vards,
Uzvards)
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4. For questions use the Q&A
functionality
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i temog

ministrija  Kompets

09:00 - 10:00 Registration

10:00—11:30

11:30-12:00
12:00-13:30

13:30-14:30
14:30-15:30

15:30-16:00

Energy performance in buildings regulation and requirements in EU (by Prof. Jarek Kurnitski)

* Energy performance minimum requirements for new buildings and major renovation

 Energy calculation methodology framework — EPBD and EPB standards

 Cost optimality principle for determination of mi requirements and for energy performance improvement monitoring
* New items in ongoing EPBD revision

* NZEB requirements comparison in selected countries

Coffee break

Energy calculation with dynamic simulation software (By Raimo Simson)

 Energy calculation input data — standard use of a building

* Energy need simulation

 Options for systems energy use calculation

* Self-use of on-site electricity generation

* Delivered, exported energy and primary energy calculation

¢ Summer thermal comfort simulations for overheating prevention in buildings without cooling systems
¢ Example of NZEB new building energy calculation

Lunch break

Estonian experience on energy performance certificates (EPC), energy audits and deep renovation grant
schemes (by Jarek Kurnitski, Raimo Simson)

* EPC-s for new buildings, checking mechanisms by input data and results tables

¢ EPC in the design and construction process

* EPC-s for existing buildings and energy audits

¢ Renovation grant scheme system for residential buildings: main steps in the application process

* Renovation grants technical requirements for apartment buildings

*Examples of typical renovation solutions

Question and answer session
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ministrija

Energy performance minimum requirements for new buildings and major renovation
® Energy calculation methodology framework — EPBD and EPB standards

Cost optimality principle for determination of minimum requirements and for energy performance
improvement monitoring

® New items in ongoing EPBD revision:
O mﬁ@@mmigﬁmﬁﬁnggninéru blvspecialistiem un projekt&tajiem organizésana, un norises nodrosinasana» ID EM 2022/53
O Deep renovation (and major renovation)
O Minimum energy performance standards MEPS
O Harmonised energy performance certificate scale
O Hourly energy calculation method
O Monitoring and regulation of indoor air quality
O Inspection of stand-alone ventilation systems
°

NZEB requirements comparison in selected countries
° Q&A
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"COMMITMENT TO LOW-CARBON ECONOMY
‘_1.&‘ M‘M

. -

) years of systematic work Witm
. 2002 First Energy Performance of Buildings Directive (EPBD)

2007 20-20-20 targets =~~~
2010 EPBD recast: NZEB, cost optimal & primary energy
2018 2030 targets
2018 revised EPBD: long term renovation & smart readiness
2020 Green Deal
2022 RePowerEU
2022 EPBD recast: ZEB, MEPS, national renovation plan

parallel with buildings, energy requirements for the products:
* Ecodesign of Energy Related Product --ErP 2005, 2009
» Ecolabeling 2000 and Energy labeling 2010 directives
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Climate and Energy Framework

Climate Target Plan by
2030

https://climate.ec.europa.eu/eu-action/european-
green-deal/2030-climate-target-plan_en

 55% GHG reduction 2030 O

+ 32% Renewable Energy

+ 32.5% Energy Efficiency

Climate and Energy )
Framework 2020 4 Zero net GHG

[coM(2010)639] emissions by 2050
+« 20% GHG reduction 2020

« 20% Renewable Energy
+« 20% Energy Efficiency

EM iepirkums «Apmacibu seminaru blvspecialistiem un projektétéem organizé$ana, un norises nodrosinasana» ID EM 2022/53

@ 080
CLEANTECH
HuB

ministrija  ompe

EU building stock

24 billion m2 ﬂqor ar?a, ‘ ‘\ £ J A of existing EU dwellings
around residential L / \-\ J/  were built before 2000

Around residential ‘ \ has poor energy
units are permanently inhabited "\ : /  performance, of which ...
\\;‘/ //
- .
Only 1.1 % of existing buildings undergo B o than 85 % wil still be in
some level of renovation each year | L place in 2050
N 4
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ministrija -
20 /° Non-CO, other
st / i I Non-CO, agriculture
180| /0/ i Residential
160 /\/ Tertiary
140 AMo—" Transport
: Industry
izz </ Power
——% Carbon removal
80 technologies
59 I Land use and forests
U . el . 3
20| R
0
20 L e 1 1 1 } )
19’90 ZOIOO 20’10 20‘20 20‘30 20‘40 20‘50
Energy - 75% of emissions Buildings - 36% of emissions
- Burning fossil fuels is the largest source - The building sector is responsible for 40%
of greenhouse gas emissions in the EU of final energy use
- The energy system plays a central role in the - This sector has a large and cost-effective
transition to a climate-neutral economy potential to become more energy-efficient and reduce emissions
EM iepirkums «Apmacibu seminaru blvspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53 9
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CLEANTECH
ministrija Kompet Hus
MM Main drivers for energy and IEQ
* ° ° ° °
S improvement in buildings
» Nearly zero energy buildings NZEB set in 2010 EPBD recast and revised EPBD
2018/84/EU (2010/31/EU) - implemented in all MS from 2019/2020
» Cost optimality principle set in 2010 recast and A
revised EPBD 2018/844/EU (2010/31/EU) g = .
~—~ I’
o The cost-optimality principle has to be w y
followed - NZEB should be at least cost-
optimal, and cost-optimality calculation has to \
be conducted with 5 years interval o
« Minimum requirements may change in every 5 S
years kWh/mzy
EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53 10
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« In the directive ‘nearly zero-energy building’ means a building that has
a very high energy performance (EP). The nearly zero or very low
amount of energy required should be covered to a very significant
extent by energy from renewable sources, including energy from
renewable sources (RES) produced on-site or nearby.

= NZEB = very high EP + on-site or nearby RES

« Definition of “a very high EP * and “significant extent of
RES” let for Member States (MS), however the cost-
optimality principle has been set.
EPBD Article 9

- By 31 Dec 2020, all new buildings are nearly zero energy buildings

- After 31 Dec 2018, public authorities that occupy and own a new
building shall ensure that the building is a nearly zero energy building

EM iepirkums «Apmacibu seminaru bivspecialistiem un projektétajiem organizésana, un norises nodrosinasana» ID EM 2022/53

CLEANTECH The Netherlands Denmark
HuB 5 X

EPC

ministrija  Kompets Target values of
energy cansumption

kWh/m*

Towards nZEB:

* Roadmap of some
countries towards nearly 10 e
zero energy buildings to o\ R,
improve energy ) \—¥
performance of new : \
buildings 1

+ Many countrieshave @~ " ©
prepared long term Germany Belgium
roadmaps with detailed iy
targets

* Helps industry to
prepare/commit to the
targets

Building stock average

United Kingdom Norway

Energy consumption. kWhm'a

Requirement, %

Primary energy demand - heating, KWIVmYa
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LD EPBD definition for energy performance

Ekonomikas ministrija  Kemoctance, ereczs un teodos

253

EPBD energy performance (Annex I):

*  The energy performance of a building shall be determined on the basis of
calculated or metered energy use and shall reflect typical energy use for space
heating, space cooling, domestic hot water, ventilation, built-in lighting and
other technical building systems

Other services
may or may not
be included in the
rating (included
always as a heat
gain)
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¢ 080 System boundaries
CLEANTECH
R e [ e e e e e e e e e e — - == 1 Net primary energy indicator
| | . )
i B Eo o) -SAE. . f
I ON SITE RENEWABLE T 1 P - EP _Z( del,iJ dcl,t) Z( exp,i exp,t)
ENERGY WIO FUELS |__RE generstors PE T 1
1 = B 1 net net
ol of =
I o| o] © 1
= £] 5 DELIVERED
I §| 8] ¢ ENERGY or
| - T T | ONSITE . -
) B Electricty Primary energy indicator
! &3l . ; : EE?L\“ District heat
olar gains
' IChidSg BUILDING ERERGVHEED District cooling EP _ Zl(Edel,Lfdel,l)
1 i NEEDS  Heating energy | BUILDING Fuels P = A
1 Heating TECHNICAL {renewable and net
Heat . Cooling < Cooling energy SYSTEMS non-renewable)
I t?aansm'ssm'."l Ventilation Electricity for Energy use 1 EXPORTED (exported energy not accounted)
[ i L Ei:ﬁ‘::/ilng IF lighting and production I E:ESRI$EY
Internal heat LN i Electricity for 7
1 hedetiong || Appliances - System lossgs Efect.rlcny
Energy need SB PP and conversions eating en.
1 ay d Heat
| I Cooling en.
nergy use
| E SB 1
b e e e ey e e i T s
REHVA Report No 4: 2013 ing site y = system y of deli and exported energy on site
e System boundaries (SB) for energy need, energy use and delivered and exported energy calculation. The last one
may be interpreted as the building site boundary.
¢ Demand reduction measures can be distinguished from RE solutions in the energy use SB, not in the
delivered/exported energy SB
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Key

a assessment boundary (use energy balance) 1 PV, solar

b perimeter: on-site 2 wind

c perimeter: nearby 3 boiler room

d perimeter: distant 4 heat pump

S1 thermally conditioned space 5 district heating/cooling

s2 space outside thermal envelope 6 substation (low/medium voltage and possible

storage)
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@; c.qee« US DOE Site Boundary for ZEB Accounting

MINISITa  Kompetence, peredzeuntebsogies ol e e e

1 1
1 LEGEND 1
1 ON-SITE » Electricity 1
; RENEWABLE ENERGY == Heating Energy I
. = Cooling Energy
I — Fuels I
1 ]
DELIVERED ENERGY ¥ - ENERGY USE 1
(Renewable & T BUILDING NEEDS 1
Non-Renewable) —— Heating 1
1 BUILDING SYSTEMS Cooling 1
I Ventilation ]
1 Energy use sinannp LY !
I and production Lighting 1
| Plug Loads 1
EXPORTED ENERGY T Process 1
— System losses
(Renewable) G—  aNd conversions I
| 1
1 ]
L oo o oo oo o e o o o e o e e e o e e o - 4

1. The dashed lines represent energy transfer within the boundary
2. The solid lines represent energy transfer entering/leaving the boundary
used for zero energy accounting

e Launched Sept 15, 2015

o http://energy.gov/eere/buildings/articles/doe-releases-common-definition-
zero-energy-buildings-campuses-and
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CLEQ%BECH US DOE Site Boundary for ZEB — terminology differences

Ekonomikas ministria  Konpetence, pre e un terologes

o DOE site boundary = REHVA/CEN on-site delivered and exported energy boundary
» DOE Source Energy = REHVA/CEN Primary energy

o DOE includes lighting, plug loads and even processes into energy use (=REHVA
proposal), but EPBD allows not to account plug loads and lighting is accounted only in
non-residential

» Instead of nearby RE, DOE definition addresses the use of Renewable Energy
Certificates (REC) and a separate category of Renewable Energy Certificate - Zero
Energy Building (REC-ZEB) is defined

EM iepirkums «Apmacibu seminaru blvspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53 17
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" e COST optimality in EPBD
« EP requirements to be set with a view to achieving cost optimal levels using a
comparative methodology framework established by the Commission
+ Cost optimal performance level means the energy performance in terms of
primary energy leading to minimum life cycle cost
« MS have to provide cost optimal calculations to evaluate the cost optimality of
current minimum requirements due June 30th 2012 (Articles 4&5):
— The draft methodology called “delegated Regulation supplementing Directive
2010/31/EU” published
— Net present value calculation according to EN 15459
— Global cost (=life cycle cost) sums construction cost and discounted energy and
maintenance etc. costs for 20 year period in non-residential and 30 year period in
residential buildings
Up to 15% deviation of EP minimum requirement relative to cost optimal is accepted
2" round of cost optimal calculations conducted in 2018, 3" round in 2023
EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53 18

EM iepirkums «Apmacibu seminaru

bavspecialistiem un projektétajiem

organizésana, un norises nodrosinasana»

ID EM 2022/53 9



Seminars "Energoefektivitates
paaugstinasana €kas, lait tas atbilstu
nulles emisiju ékam"

10.11.2022

class, and in major renovation by one EPC class
(from EPC class D to C)

@ 080
S Example of EE cost optimal calculation (2017)
A B
i !
Apartment building:
« Building envelope
variants t
- EPC class B E
* + PV panels
« EPC class A
&
90 10( 110 120 130
/ ETA, kWh/(m? a) 19
Cost optimal point
@ 000
T ST Cost optimal performance development 2013-2018
New New e =
Member single- multi- New Existup Bxsting Existing
. ; : single-family — multi-family
States’ family family office b office
house house
average house house
-23% -23% -17% -17% -21% -9%
In Estonia: Source: JRC’s own calculations based on Member States reporting (COM(2020) 954 final)
« 2017 cost optimal EP values have improved _ 160
roughly by factor 2 (not accounting the < 140
fixed/standard use part of EP values - including £ 150
appliances as well as lighting in residential = 100
buildings) < %
+ Cost optimal EP-values reached Estonian NZEB %D 60
values which are 105, 100 and 120 in o
multifamily, office and detached houses 5 40
+ In new buildings have improved by two EPC & 22

2011 2017 2011 2017 2011

2017

Multifamily Office

Redefimng cost-optimal nZEB levels for new residential bui|dings = Appliances, and lighting in residential ™ HVAC, and lightng in non-residential

Detached house

https://www.e3s-conferences.org/articles/e3sconf/abs/2019/37/e3sconf clima2019 03035/e3sconf clima2019 03035.html
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New items in ongoing EPBD revision

21

% 80
U EPBD 2002-2010-2018-2022

ministrija  Kompet

%2

EPBD is in the third revision, the recast proposal was published in 15.12.2021, the Council version
21.10.2022

Main outcomes of EPBD:

e 2006-2008 energy frame and requirements based on the primary energy & energy
performance certificates

e 2012-2013 cost optimal calculations — second round 2018 — progress easy to measure
e NZEB 12/2018 and 12/2020, NZEB level finally at least the 2021 cost-optimal level

e 2018 revised EPBD: long term renovation strategy & smart readiness
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Objectives of the EPBD revision

GHG emissions of EU buildings (residential & services)

* Climate Target Plan by 2030 éa0
- reduce GHG emissions by 55%  °*
- integrate 32% RES .

g
S

- reduce final energy

[Mt CO2eq.]
PO
Q
=]

Set an enabling framework for an orderly
transition by empowering all levels of action

Provide a long-term vision for buildings
and ensure an adequate contribution to
achieving climate neutrality in 2050

. -
consumption by 14% . Semssag,
. 35 e
» Renovation Wave by 2030 . SNISTSL
0 . = - -
- renovate 35 million units 55 ‘\:\ e
- double and deepen renovation e
- establish minimum standards 2005 2010 2015 2020 2025 2030
- harmonise EPC classes e historical data e eeBSL === MIX = ==MXwoEPBD Source: PRIMES
Twofold objective:

European
Commission

EM iepirkums «Apmacibu seminaru bavspecialistiem un projekté&tajiem organizésana, un norises nodrosinasana» ID EM 2022/53 23
= lo)
CLEANTECH
HuB
ministrija  Kompet
EU avg 2019:
22% of renewables H&C Powered by renewables
34% renewable electricity* zero direct CO2 emissions
G class building ZEB building
n European
Commission
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} 80
R N Many new items
« Zero-emission buildings
+ Deep renovation (and major renovation) Main changes compared to 2018 EPBD
e Minimum energy performance standards MEPS
+ Harmonised EPC scale s S
. . . o 7 Minimum standards @
* Non-res. ZEBs to be equipped with measuring
and control devices for the regulation of IAQ Bldg et s
nergy Performance
« Inspection of stand-alone ventilation systems i ”
« A new vision to transform EU building stock into zero-emission buildings by 2050
« The main new instrument to realize the ambition are National building renovation
plans that are next step from long term renovation strategies
EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizésana, un norises nodrosinasana» ID EM 2022/53 25
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e Transforming EU building stock into ZEB
ministrija Kompete un tehnolog
« Existing major renovation is complemented with deep e
% of renewables Powered by renewables
renovation, intending to ZEB level (NZEB before 2030) K ronswstl dectnaty 2 e o el

« In national building renovation plans, MS must set targets for @@
2030, 2040 and 2050, including renovation rates, primary and

final energy consumption, GHG emissions and to assure mmmm

finance for renovation & class building Z£8 building

« It is said that the necessary decarbonisation of EU building

. - * Renovation Wave by 2030
stock requires energy renovation at a large scale: almost 75% !

- renovate 35 million units

of today’s building stock is inefficient according to current - double and deepen renovation
building standards, and 85-95% of the buildings that exist - establish minimum standards
today will still be standing in 2050 - harmonise EPC classes

EM iepirkums «Apmacibu seminaru blvspecialistiem un projektétajiem organizé$ana, un norises nodrosinasana» ID EM 2022/53 26

EM iepirkums «Apmacibu seminaru

bavspecialistiem un projektétajiem

organizésana, un norises nodrosinasana»

ID EM 2022/53 13



Seminars "Energoefektivitates 10.11.2022
paaugstinasana €kas, lait tas atbilstu
nulles emisiju ékam"

e Zero-emisson buildings ZEB

Ekonomikas ministrija  Kompetence, peredze un tehnloios

* New public buildings shall be ZEB from 2028 and all new buildings from 2030

» For existing buildings, major renovation and Minimum Energy Performance Standards
(MEPS) requirements

ZEB definition (Art 2):

» ‘zero-emission building’ means a building with a very high energy performance, as
determined in accordance with Annex |, requiring zero or a very low amount of
energy, producing zero on-site carbon emissions from fossil fuels and producing zero
or a very low amount of operational greenhouse gas emissions, in accordance with
the requirements set out in Article 9b

EM iepirkums «Apmacibu seminaru bivspecialistiem un projektétajiem organizé$ana, un norises nodrosinasana» ID EM 2022/53 27

9 L
v c T .
oo Article 9b

Zero-emisson buildings requirements

1. Requires to set a maximum threshold of the energy use, to be at least cost optimal
(Annex | requires numeric indicator of primary energy use)

2. Requires to set a maximum threshold of the operational greenhouse gas emissions
(Both thresholds may be adjusted for renovated buildings - deeply renovated
building may have another EP-value than new ZEB)

3. The total annual primary energy use of a new or renovated ZEB is to be covered,
where technically and economically feasible, by:

- On-site, nearby, renewable energy community generated renewable energy
- Effective district heating and cooling
- Energy from carbon free sources (refers to grid electricity)

4. ZEB cannot cause any on-site carbon emissions from fossil fuels
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RS Energy calculation methodology (Art. 4, Annex )

kas ministrija nte

« Energy performance of a building shall be determined on the basis of calculated or
metered energy - no change

» Energy performance of a building shall be expressed by a numeric indicator of
primary energy use + additional indicators possible - no change

Hourl leulati hod ired
« Primary energy factors (distinguishing non-renewable, renewable and total) or

weighting factors may be set nationally on annual, seasonal, monthly, daily or hourly
basis

» MS may opt for an average EU primary energy factor for electricity instead of a
primary energy factor reflecting the electricity mix in the country

« District heating and cooling: the benefits to be accounted through individually
certified or recognised primary energy factors

EM iepirkums «Apmacibu seminaru bivspecialistiem un projektétajiem organizé$ana, un norises nodrosinasana» ID EM 2022/53 29

CLEAEEe Min regs. & cost-optimal levels (Art. 5-6)

ministrija  Kompet

» Energy performance levels for ZEB and as well as for major renovation requirements
will stay to be based on the cost-optimality principle

« Next cost-optimal levels calculation in 2023 will be conducted with existing
methodology

o NZEB requirements that will stay in use until 2028 in public and 2030 in other new
buildings cannot have the lower ambition than the 2023 cost-optimal level

» By June 2025, EC plans to revise the cost-optimal methodology of minimum energy
performance requirements in existing buildings undergoing major renovation, and
2028 cost-optimal calculations are to be done with this revised methodology

« A review of the methodology should take into account ETS extension, carbon prices
and environmental and health externalities
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CLEANEECH Energy performance certificates (Art. 16)

ministrija

Energy performance certificate scale is planned to be harmonised from 2027 so that:
- Class A% is ZEB
- Other classes are only letters from A to G
- G shall correspond to worst performing buildings in the building stock

- Voluntary A+ to buildings which in addition to being ZEB also make a positive net
annual contribution to the energy grid from on-site renewables, calculated in
terms of total primary energy (excluding ambient heat)

There is no guidance how the classes should be divided, but the same scale must be used both
for new and existing buildings (the major renovation requirements do not need to be class A)
Life cycle carbon footprint (GWP with the Level(s) framework) is required to be
calculated and reported in EPCs from 2027 for new buildings larger than 2000 m? and
from 2030 for all new buildings (Art 7)

EM iepirkums «Apmacibu seminaru bivspecialistiem un projektétajiem organizé$ana, un norises nodrosinasana» ID EM 2022/53
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ONE SINGLE SCORE CLASSIFIES
B
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CLeaNTECH SRI smart readiness

ministrija

Energy savings m' Respond to user * Respond to needs
and operation needs of the grid

An optional common Union

scheme for rating the smart # / & O -
readiness of buildings s | —
e ﬁ"::;ﬁ Combort Convenience

Information to
A mandate to the Commission Heating o
to adopt a delegated act to Darmesic hos st
Cooling

require SRI rating for non-

residential buildings > 290 kW
heating by the end of 2026 (if edircly
SRI test phase is positive) Blectric vehiles

Dynamic Envelope

Ventilation

Lighting

Not performance based but
checklist type of scoring

Monitoring & Control

y ”;“ V" Readiness to Readiness to V Readiness to
~4 il
/ '; - adapt in response 2 facilitate main- adapt in response
L 4 to the needs of the tenance and to the situation of
SRI occupant efficient operation the energy grid
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-
B = v T Deep renovation & MEPS (Art. 9)

o It is expected that MS stimulate EPC class A renovation that is called deep renovation
by financial incentives

» Deep renovation is defined as NZEB before 2030 and ZEB as of 1 January 2030
(requirements stay for major renovation)

« National renovation plan (Art 3) should include the sufficient allocation of budgetary
and administrative resources

« Art. 15 about financial incentives sets that MS have to provide appropriate financing
and support measures to stimulate both deep renovation as well as mandatory
renovation of worst performing building stock that is targeted with MEPS
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CLEANTECH

o FUB MEPS - Minimum energy performance standards (Art. 9)

Non-residential buildings shall not exceed a maximum energy performance threshold:
o 15% threshold as of 2030 (refers to 2020 worst performing buildings, ~ EPC G — F)
o 25% threshold as of 2034 (roughly EPC F, i.e. EPC class ~ E to be achieved)

MEPS for residential buildings shall be based on a national trajectory for the progressive
renovation of the building stock:

» The average primary energy use in kWh/(m2.y) of the whole residential building stock
must be at least equivalent to:
- (a) the D energy performance class level by 2033;

- (b) by 2040, a nationally determined value derived from a gradual decrease of the average
primary energy use from 2033 to 2050 in line with the transformation of the residential
building stock into a zero-emission building stock.

- Single-family may be excluded, but when sold or rented, D must be achieved in 5 years
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ministrija
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CLEATECH Solar energy in buildings (Art 9a)
MinIStrija  Kompet
All new buildings to be designed to optimise their solar energy generation potential on
the basis of the solar irradiance of the site, enabling the cost-effective installation of
solar technologies
Member States shall ensure the deployment of suitable solar energy installations:
« by 31 December 2026, on all new public and non-residential buildings with useful
floor area > 250 m2
« by 31 December 2027, on all existing public and non-residential buildings undergoing
a major or a deep renovation with useful floor area >400 m2
o by 31 December 2029, on all new residential buildings
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AT Indoor environmental quality and ventilation

kas ministrija e

There is a new requirement to equip non-residential ZEB with measuring and control
devices for the regulation of indoor air quality (Art. 11)

In existing buildings, the installation of such devices shall be required, where
technically and economically feasible, when a building undergoes a major renovation

Regular inspection of heating and air conditioning systems is extended to stand alone
ventilation systems. Ventilation systems are also specified as part of the EPBD
measures aimed at addressing indoor air quality

When setting minimum energy performance requirements, taking into account indoor climate
conditions, in order to avoid possible negative effects such as inadequate ventilation, was
already included in the existing EPBD (Art 5). Indoor environmental quality is stressed now for
both new buildings and major renovations by mentioning that the issues of healthy indoor
climate conditions shall be addressed (Art 7 and 8) - may interpreted so that national
regulation on IEQ should be present
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CLEANTECH

VA EPBD application to set national requirements

ministrija  Kompet un et

« EPBD proposal 21 October 2022

« Non-renewable primary energy or total primary energy? In many places
EPBD uses unspecific expression of “primary energy” - so, which
primary energy factor (PEF) should be used?

e Minimum requirements for ZEB/NZEB and EPC classes
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Step 1 — assessment boundary

kas ministrija

o Art 2 definition 47 ‘assessment boundary’ means the boundary where the delivered
and exported energy are measured or calculated;
(May depend on national practices where energy meters are installed)

« Def 56 ‘delivered energy’ means energy, expressed per energy carrier, supplied to
the technical building systems through the assessment boundary, to satisfy the uses
taken into account or to produce the exported energy;

« Def 57 ‘exported energy’ means, expressed per energy carrier and per primary energy
factor, the proportion of the renewable energy that is exported to the energy grid
instead of being used on site for self-use or for other on-site uses.

EM iepirkums «Apmacibu seminaru bivspecialistiem un projektétajiem organizé$ana, un norises nodrosinasana» ID EM 2022/53
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0
cLEsuiee - Step 2 — cost optimal calculation and ZEB/NZEB requirements

kas ministrija e

« Non-renewable primary energy is needed for meaningful cost optimal calculations to
distinguish the use of fossil fuels and energy from renewable sources

» Non-renewable primary energy is in line with Art 9b stating that ZEB “energy use”
requirement is “maximum threshold established at the Member State level”. Here
each MS has a freedom to define ZEB by following cost optimality and ANNEX |
principles (referred to in Art 2 ZEB definition)

e According to ANNEX |, ZEB should use “a numeric indicator of primary energy use”
and “The calculation of primary energy shall be based on primary energy
factors, (distinguishing non-renewable, renewable and total) or weighting
factors”

« ANNEX | also requires recognising the benefits of district heating and cooling, and
positive influence of renewable energy which support the use of non-renewable
primary energy indicator

EM iepirkums «Apmacibu seminaru bivspecialistiem un projektétajiem organizé$ana, un norises nodrosinasana» ID EM 2022/53 “

CLEANTECH EP-value calculation example

ministrija  Kompets

Air to water heat pump District heating or gas boiler
e Input data from

23.3 PV electricity
(13.4 self-use)

23.3 PV electricity
(10.7 self-use)

« Assume that this data represent cost-
optimal solutions (in a cold climate)
and use exactly the same generation DELIVERED DELIVERED
- - > ENERGY TO SITE ENERGY TO SITE
efficiency for district heating and gas 27.2 grid 1.8 grid electricity
—_—

boiler for illustrative purposes ENERGY USE electricity ENERGY USE 70.2 district heat/gas
« self-used and used in other on-site

.. EXPORTED EXPORTED
uses PV is included

40.6 electricity ENERGY 12.5 electricity ENERGY
i i ’ 9.9 70.2 heat 126
« Total primary energy is calculated —
from the delivered energy to the site electricity electricity
i 3 EPpren = 1.8 X 2.3 +70.2 x 0.6 = 46.3 for district heat
(ambient heat and qn site PV are EP,.. = 272x23=624 i -
exc[uded) = total primary energy of P = 272%25=68.0 EPpren = 1.8 x2.3+70.2x 1.1 =81.3 for gas
the delivered energy to the site e eeneE e EPw=1.8x25+70.2x1.2=88.7 for district heat

EP=1.8x25+70.2x1.1=281.7 forgas

EM iepirkums «Apmacibu seminaru blvspecialistiem un projektétajiem organizé$ana, un norises nodrosinasana» ID EM 2022/53 2

EM iepirkums «Apmacibu seminaru

bavspecialistiem un projektétajiem

organizésana, un norises nodrosinasana»

ID EM 2022/53 21



Seminars "Energoefektivitates 10.11.2022
paaugstinasana €kas, lait tas atbilstu
nulles emisiju ékam"

o

i CLEA?':';CH Energy balance Energy need Energy use kWh/m? a

Vs e = kWh/m” a DH Gas AWHP
space heating 38.5 43.9 43.9 16.6
DHW 25.0 26.3 26.3 13.5
supply air heating (electric) 5.0 5.0 5.0 5.0
fans and pumps 5.5 7.5 7.5 5.5
PV self use 10.7 10.7 13.4
PV export 12.6 12.6 9.9
Non-ren. primary energy, self-use only 46.2 81.3 62.4
Non-ren. primary energy, export included 17.3 52.4 39.7
Total primary energy, self-use only 88.7 81.7 67.9
Total primary energy, exported included 57.2 50.2 43.1
Renewable energy 65.8 23.7 62.2
€O, emissions, kgCO,/m” a 3.9 10.9

Primary energy factors & CO, emission coefficients
non-ren.  renewable total kgCO,/kWh

grid electricity & PV export 2.3 0.2 2.5 0.42
natural gas 1.1 0 1.1 0.22
DH (district heat) 0.6 0.6 1.2 0.12
RE (solar, geo, ambient) 0 1 1 0
EM iepirkums «Apmacibu seminaru blvspecialistiem un projektétajiem organizéSana, un norises nodrosindsana» ID EM 2022/53 3
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e Step 3 — primary energy requirement

» Total PE calculation withoud on-site PV and ambient heat (conflicts with EN ISO
52000-1) is justified by the assessment boundary definition as well as with EED
directive energy and primary energy consumption definitions which refer to energy
products and exclude ambient heat

» PVinclusion would affect the EP,,, values but will not significantly change the
difference between studied cases

» To set cost-optimal requirement in terms of the total primary energy:

- to enable the use the of effective district heat, the cost-optimal value cannot be smaller
than EP,, = 89.

- in the case of gas boiler or AWHP the building envelope or technical systems performance
may be reduced to comply with this value
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e Step 3 — primary energy requirement

Ekonomikas ministrija  Kompetence, peredze un tehnloios

» By setting the EP,, cost-optimal value we did not follow ANNEX | requirements to
take into account the positive influence of renewable energy and benefits of district
heating because we account renewable energy with the total primary energy factor
which makes no difference to fossil fuels

e To follow ANNEX I, an additional numeric indicator must be set:

- In this case, additional non-renewable primary energy indicator EP,, = 63 can be
set to enable the use of AWHP and district heat

» In conclusion, the threshold EP,.. = 89 enables to use all three systems studied, but
EP,en = 63 only AWHP and district heat. Therefore, it can be concluded that EP,,
threshold is redundant, and it is enough to use Ep,.,

» Conclusion: use non-renewable primary energy indicator for ZEB/NZEB requirement

EM iepirkums «Apmacibu seminaru bivspecialistiem un projektétajiem organizé$ana, un norises nodrosinasana» ID EM 2022/53 45

CLEANTECH

e Step 4 — PE covering requirement (Art 9b)

ministrija  Kompets

» The total annual primary energy use of a new or renovated ZEB is to be covered,
where technically and economically feasible, by:

- On-site, nearby, renewable energy community generated renewable energy
- Effective district heating and cooling
Energy from carbon free sources (refers to grid electricity)

» Another factor needed to account carbon free electricity (does not equal to renewable PEF,
because nuclear energy is carbon free). If no nuclear electricity, carbon free factor =
renewable PEF = 0.2 in this example

e AWHP case: 23.3 + 27.2x0.2 = 28.7 < 27.2x2.5 = 68.0, where 23.3 is PV and 27.2 grid
electricity - not satisfied

o Effective DH case: 23.3 + 70.2 + 1.8x0.2 = 93.4 > 88.7 - satisfied

» Extensive PV and/or smaller grid electricity PEF needed to satisfy for AWHP,
currently not technically and economically feasible
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kas ministrija

(=0
T Step 5 — EPC classes

To calculate EPC classes Art 9 (MEPS) clarifies that by unspecific expression of
“primary energy”, the total primary energy is meant

Art 16 EPC A+ class uses explicitly total primary energy and excludes ambient heat

Therefore, while non-renewable PEF can be applied for the requirements, EPC classes
should be calculated with total PEF

In all, three type of factors are needed to follow EPBD:
- Non-renewable PEF for the requirements
- Total PEF for EPC classes
- Carbon free electricity factor for the second requirement of ZEB

Alternatively, Annex | allows to use weighting factors for numeric indicator of
primary energy, which would allow to use the same factors for requirements and EPC

EM iepirkums «Apmacibu seminaru bivspecialistiem un projektétajiem organizé$ana, un norises nodrosinasana» ID EM 2022/53
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Ekonomikas ministrija Kompetence, pieredze un tehnologijas

How to compare NZEB requirements?
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Nordic

Zone 5: Stockholm
(Helsinki, Tallinn, Riga,
Gdansk, Tovarene)

Continental
Zone 3: Budapest
(Bratislava, Ljubljana,

Oceanic
Zone 4: Paris
(Amsterdam, Berlin,

Mediterranean

Zone 1: Catania
NZEB level of energy(others: Athens,

performance

Larnaca, Luga, Seville, Brussels, Copenhagen, Milan, Vienna)

Palermo) London, Prague)
Offices, kWh/(m2/y)
net primary energy 20-30 40-55 40-55 55-70
primary energy use 80-90 85-100 85-100 85-100
on-site RES sources 60 45 45 30
New single family houses, kWh/(m2/y)
net primary energy 0-15 15-30 20-40 40-65
primary energy use 50-65 50-65 50-70 65-90
on-site RES sources 50 35 30 25

10.11.2022

» Appliances not included in offices
» Appliances and lighting not included in single-family

EM iepirkums «Apmacibu seminaru blvspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53
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Example: NZEB requirements for apartment

ministrija  Kompet

buildings in some selected countries

Countr kWh/(mz2/ Energy uses included
EU-Nordic 40...65 HVAC
Denmark 30 +1000/A HVAC
Estonia 105 HVAC, appliances, lighting
Finland 90 HVAC, appliances, lighting
Sweden 85 HVAC, facility lighting
Norway 95 HVAC, appliances, lighting

How to compare these requirements?

https://www.rehvam2018atic.eu/images/workshops/4/Kurnitski.pdf
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o s Shats NZEB Defnintion | Primary Energy Requirements
y ot (= To)] Status* {new buildings) (kWh/{m*.al)
. CLEANTECH Austria : ; 160-170
P Hus Belgium (Brussels] | 4585
Belgium [Flanders) 3245
EC collected data from 2018 g slion | ] %
Bulgaria 30-50
Croatia 30-80
i o Cyprus 100

Comprehensive study of building energy Caech Republic |, 4351

renovation activities and the uptake of nearly Denmark i i 20

zero-energy buildings in the EU Annex to final :‘:‘J‘:‘: : : jg:gﬂ

report France I ] A40-105
Germany 36-45.75
Greece %
Hungary i 50-72
Ireland 45
Italy : : 15-20 & Class A1
Latvia B 95
. ) ) Lithuania Adt

* The Primary Energy Requirements contain Luxemt 45 & Class A/Class ARA
indicative information about the range of Malta 55-115
primary energy requirements for new buildings :Ef:::‘"“’ ::755

o :

« However, it should be noted that different TR g:f”
calculation approaches might exist on national e i : 5
level, therefore values cannot easily be ot S0.80
compared to each other Spain 40708 ClassA

Sweden 30-75
United Ki | | 3946
* status April 2018
[ |Under development
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&% <27.  EC 2020 data

ministrija  Kompet

2020 assessment of the progress made by Member States towards the implementation of the
Energy Efficiency Directive 2012/27/EU and towards the deployment of nearly zero-energy
buildings and cost-optimal minimum energy performance requirements in the EU in
accordance with the Energy Performance of Buildings Directive 2010/31/EU

Brussels, 14.10.2020 COM(2020) 954 final
Offices

Primary energy

N & O

o o oo
AT e

BE-BRU _—

BEFLA EE=

BE-WAL

W RECOMMENDATION W MS VALUES FOR NEW BUILDINGS MS VALUES FOR EXISTING BUILDINGS

Source: JRC’s own calculations based on Member States reporting
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Exampl

Country

EU-Nordic
Denmark
Estonia
Finland
Sweden
Norway

e: NZEB requirements for apartment

buildings — recalculation to EPBD uses

NZEB primary energy,

NZEB primary energy,
kWh/(m?-a)

40...65 40...65
30 30
105 46
90 56
85 82
95 66

« HVAC only limit value represents primary energy without lighting and appliances
* EU-Nordic, Denmark and Sweden values do not include lighting and appliances;

in Sweden facility lighting is included
» Estonian, Finnish and Norwegian values include lighting and appliances

EM iepirkums «Apmacibu seminaru blvspecialistiem un projektétajiem organizé$ana, un norises nodrosinasana» ID EM 2022/53

- The problem is that the same energy flows and PE factors are not used

53

e

5 000 NZEB comparison with (EU) 2016/1318

ministrija  Kompet

_ ) . M Calculated

> 160 Oceanic Nordic  mRequirement
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EE NZEB apartment building EP = 104.8 corresponds to EC recommendation, 63.7 < 65

Finnish NZEB requirement fulfilled without PV system
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EE NZEB in DK (=over insulated) fulfils Danish NZEB, but not Oceanic zone EC recommendation, 44.6 > 30

EE NZEB requirement the most stringent (however U-value normalisation to DK climate not done)
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¥ 000
@ ST NZEB comparison with (EU) 2016/1318

ministrija

EE NZEB ® Calculated [Requirement
= Req =100 EUNZEB = ® Calculated TIRequirement
t 1201 1014 g6 1000 1000 Req=70 o 120
= 100 26.0 < 100 DK NZEB EU NZEB
B = Req =412 Req = 55
2 80 70.0 2 80 -
- < i 55.0
> 60 60
g = &
2 40 2 a0
Ll o
z 20 > 20
® &
E o E o
a Init; PVO Init; EE_Req; Init; EE_Init;  EE_lnit; a Init; PVO DK_Req; DK_Req; DK_Ucorr; DK_Ucorr;|DK_Ucorr; DK_Ucorr;
PVS2kW PV42kW PVAKW | PVAKW PVA3kW PVO PV49kW PVO PV34kW [PV=34kW PV=43kW
1 2. 3. 4. S. 6. & 2. 3. 4. 5. 6 b2

» EP-value of an office building that exactly fulfils EE
NZEB requirement needs to be reduced by 23% to
reach EC recommendation

» EP-value of office building with normalized U-values
that fulfils DK NZEB requirement needs to be reduced
by 7% to reach EC recommendation

» DK has stringent requirement than EE

https://vbn.aau.dk/ws/portalfiles/portal/471932541/Nordic_Baltic NZEBs.pdf
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Ekonomikas ministrija Kompetence, pieredze un tehnologijas

Thank you for attention!
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Ekonomikas ministrija Kompetence, pieredze un tehnologijas

Training seminar / Apmacibu seminars

(Session 2)

programmaturu (Sadala Nr.2)

Raimo Simson, PhD (Estonia)

Energy Calculation with Dynamic Simulation Software

Energoefektivitates aprekins ar dinamiskas simulacijas

.
s »
e

. Agenda / 12:00 - 13:30

Hus

ministrija

Energy calculation with dynamic simulation software (by Raimo Simson):

Energy calculation input data — standard use of a building
Energy need simulation

Options for systems energy use calculation

Self-use of on-site electricity generation

Delivered, exported energy and primary energy calculation

Summer thermal comfort simulations for overheating prevention in buildings without
cooling systems

Example of NZEB new building energy calculation
Q&A

EM iepirkums «Apmacibu seminaru blvspecialistiem un projektétajiem organizé$ana, un norises nodro$inasana» ID EM 2022/53
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) . . .
CLEANTECH Estonian regulation — EP compliance assessment

Ekonomikas ministria  Konpetence, pere e un terologes

* For all buildings except detached houses, energy performance calculation shall be
based on dynamic building simulation

* Dynamic simulation with a commercial simulation tool has been required since 2008

* The main idea was to make energy calculation an integrated part of the building design
— the same tools are used for the design (cooling load, summertime overheating
prevention, daylight, systems sizing) and for the compliance assessment with
requirements and EPC generation

* Energy simulation is typically conducted by HVAC specialist who owns energy modeller
or energy specialist qualification (master level university education available)

* Existing building EPCs are based on metered energy — simulation needed only for new
buildings and major renovation

EM iepirkums «Apmacibu seminaru blvspecialistiem un projektétajiem organizé$ana, un norises nodrosinasana» ID EM 2022/53
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2]
SLEAT cH What is different with dynamic simulation?

ministrija  Kompets un et

¢ Hourly input data specification — hourly schedules for occupancy, lighting, appliances (and
domestic hot water)

e Quite short/compact methodology because of the requirement to use a validated
simulation tool ensures correct energy need calculation

¢ Hourly input data specification increased the number of building categories — residential
and non-residential will not work because the building operation patterns are well visible

Occupancy profile - Appliances profile - Lighting profile
1.0 a J
2038 o 08 0.8
[ s 8
806 206 £ 0.6
%Do 4 8 )
5 0- % 0.4 204
= =)
02 02 02
gy g vy gl 288888888888 g883888888388
! == A e N Y A O\ RO R R R B
ﬁﬁﬁﬁﬁ &

Residential Office (main) Residential Office (main) Residential Office (main)
“INTERNATIONAL oy . . .
STANDARD Energy performance of buildings -- Indoor environmental Quality -- Part 1: Indoor environmental

o ISO/FDIS input parameters for the design and assessment of energy performance of buildings.
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CLEANTECH
HuB

Schedules in EN 16798-1 and ISO 17772-1

ministrija

Office, main

Parameters and setpoints Usage schedule

Parameter Value [Unit Energy calculation
@ [Hour at day, START 7 |hour Weekdays.
£ |Hour at day, END 18|hour
§ [Bresks, inside range 0|hours P @ @ 2
K [days/week S |days a 5 ‘_':_‘ §_ E ?_:e
2 |hours/day 11 |hours 2 = = + = z
< hours/year 2868 |hours h <] 3 5 =} £ 2
Occupants 17 |m2/pers 1 1 0 0 1) ] [\
@ |Occupants (Total) 8.3|W/m’ 2 Q [4] [ ] 0 0
® [occupants (pry) 5|w/m’ 3 [ 0 0 o 0 0
T |appliances 12 [w/m’ 1 [i 0 o 0 o 0
& |ughting 5 [} 0 o 0 o [
£ [Moisture production 3.53|gf(m2, h) 6 i 0 0 0 0 0
O, production 1.10[1f{m2, h) 7 [i 0 0 0 0 0
[Min T,0pn unoccupied hours 16[°C 3 02 0.2 0.2 0 0 0
MaxT,0p in unoccupied hours 22l 0 08 0.6 0.6 o [ 0
Min T,0p 20[°c 10 0.6 0.6 0.6 o 0 0
» [MaxT,ep 26[°C 1 07 0.7 0.7 0 0 0
-£ [ventilation rate (min.) 0.8|l/(s m’) 12 07 0.7 0.7 o ] [
£ |ventilation rate for CO2 emission 0.53[l/s m’) 13 04 0.4 0.4 0 0 0
“ [MaxCO, roncentration (above outdoor) 500 |pprn 14 05 0.6 0.6 o 0 0
Min. relative humidity 25|% 15 07 0.7 07 0 0 o
[Max. relative humidity 60 (% 16 0.7 0.7 0.7 o o o
Lighting, illuminance in working areas 500 |lux 17 06 06 0.6 0 0 0
[Domestic hot water use 100 |I/(m2 year) 18 0.2 0.2 0.2 ] 0 0
19 i 0 0 0 0 0
5 20 o o o o o o
£ 21 0 0 0 0 0 0
< 2 [ 0 0 0 0 0
23 [ o 0 o 0 0
P 0 0 0 0 0 0
* u.r.: Usage rate, summed load factors/usage time *ur. 055 0.55 0.55 0.00 0.00 0.00
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CLEQE’EECH EE Energy calculation schedules
TSR e pe s (Different schedules for summer thermal comfort in offices, schools & day care)
Shopping
Barrack, Hotel, Shopping and
Residen- Residen- Residen- Day care appliances appliances and terminal,
tial, tial, tial, Meeting Daycare centre, Healthcare Barrack, and Hotel, and terminal, appliances Industrial

Time lighting _appliances occupancy  Office room  Classroom centre bedroom  center occupants lighting occupants lighting occupacy and lighig building Warehouse
0 0.5 1 0 0 0 0 0 0 0.7 0 0.7 0.3 0 0 0 0.05
0 0.5 1 0 0 0 0 0 0 0.7 0 0.7 0.1 0 0 0 0.05
0 0.5 1 0 0 0 0 0 0 0.7 0 0.7 0.1 0 0 0 0.05
0 0.5 1 0 0 0 0 0 0 0.7 0 0.7 0.1 0 0 0 0.05
0 0.5 1 0 0 0 0 0 0 0.7 0 0.6 0.1 0 0 0 0.05
0 0.5 1 0 0 0 0 0 0 0.7 0 0.5 0.3 0 0 0 0.3
0.15 0.5 0.5 0 0 0 0 0 0 0.2 0.8 0.5 0.5 0 0 0 0.3
H 0.15 0.7 0.5 0.2 0 0 0.4 0.1 0.4 0.2 0.4 0.4 0.5 0.1 0.55 0.5 0.3
08:00-09:00 0.15 0.7 0.5 0.6 0.5 0.6 0.8 0.1 0.6 0.1 0.4 0.4 0.5 0.3 0.55 0.6 0.4
09:00-10:00 0.15 0.5 0.1 0.6 0.7 0.6 0.8 0.1 0.6 0.3 0.7 0.2 0.4 0.4 0.55 0.6 0.2
10:00-11:00 0.05 0.5 0.1 0.7 0.7 0.6 0.3 0.1 0.8 0.3 0.7 0.1 0.4 0.9 0.55 0.6 0.2
11:00-12:00 0.05 0.6 0.1 0.7 0.7 0.4 0.3 0.1 0.8 0.3 0.7 0.1 0.1 1 0.55 0.6 0.2
12:00-13:00 0.05 0.6 0.1 0.4 0 0.3 0.8 0.1 0.6 0.1 0.3 0.1 0.1 0.8 0.55 0.2 0.2
13:00-14:00 0.05 0.6 0.2 0.6 0.7 0.6 0.1 0.8 0.6 0.1 0.3 0.1 0.1 0.6 0.55 0.6 0.2
14:00-15:00 0.05 0.6 0.2 0.7 0.7 0.6 0.1 0.8 0.8 0.3 0.7 0.1 0.1 0.5 0.55 0.6 0.2
15:00-16:00 0.05 0.5 0.2 0.7 0.7 0.3 0.4 0.4 0.8 0.3 0.7 0.1 0.3 0.3 0.55 0.6 0.2
16:00-17:00 0.2 0.5 0.5 0.6 0.7 0 0.3 0.1 0.6 0.4 0.7 0.1 0.5 0.4 0.55 0.6 0.4
17:00-18:00 0.2 0.7 0.5 0.2 0 0 0.3 0.1 0.4 0.4 0.7 0.1 0.5 0.7 0.55 0.6 0.4
18:00-19:00 0.2 0.7 0.5 0 0 0 0.3 0.1 0.4 0.1 0.7 0.4 0.7 0.8 0.55 0.5 0.3
19:00-20:00 0.2 0.8 0.8 0 0 0 0 0 0.4 0.1 0.7 0.5 0.8 0.7 0.55 0 0.3
20:00-21:00 0.2 0.8 0.8 0 0 0 0 0 0 0.1 0.3 0.5 0.8 0.2 0.55 0 0.2
21:00-22:00 0.2 0.8 0.8 0 0 0 0 0 0 0.7 0.8 0.6 0.9 0 0 0 0.2
22:00-23:00 0.15 0.6 1 0 0 0 0 0 0 0.7 0 0.7 0.7 0 0 0 0.05
23:00-00:00 0.15 0.6 1 0 0 0 0 0 0 0.7 0 0.7 0.7 0 0 0 0.05
EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53 62

EM iepirkums «Apmacibu seminaru
bavspecialistiem un projektétajiem
organizésana, un norises nodrosinasana»

ID EM 2022/53

10.11.2022

31



Seminars "Energoefektivitates 10.11.2022
paaugstinasana €kas, lait tas atbilstu
nulles emisiju ékam"

EE Internal heat gains (no difference to monthly method)

Operation

Building category time Usage Lighting? Appliances¢  Occupants®  Occupants

Time h/24h d/7d rate, - W/m2 W/m2 W/m? m?2/person
Detached house <120 m2 00:00-00:00 24 7 0.6 6 3 B 28.3
Detached house 120 - 220 m2 and row house 00:00-00:00 24 7 0.6 6 2.4 2 42.5
Detached house >220 m2 00:00-00:00 24 7 0.6 6 2 1.4 60.7
Apartment buildings 00:00-00:00 24 7 0.6 8 3 3 283
Military barracks 00:00-00:00 24 7 0.4 10 2 10 8.5
Office buildings 07:00-18:00 11 5 0.55 10 12 17.0
Accommodation building (Hotels) 00:00-00:00 24 7 0.4 10 1 4 213
Restaurants 12:00-22:00 10 7 0.4 19 4 14 6.1
Public buildings 08:00-22:00 14 7 0.5 14 0 17.0
Shopping and terminals 07:00-21:00 14 7 0.55 19 1 5 17.0
Educational buildings (schools) 08:00-16:00 8 5 0.54 12 8 14 5.4
Daycare centers 07:00-19:00 12 5 0.4 12 4 8 4.4
Health care buildings 07:00-20:00 13 5] 0.6 10 4 8 10.6
Warehouses 00:00-00:00 24 7 0.2 10 0 0 0.0
Industrial buildings 07:00-19:00 12 5] 0.55 12 12 4 213

Building with high energy consumption

2 In residential buildings, usage rate of lighting is 0.1

®dry heat gain only, for total heat gain divide by 0.6

din residential buildings, appliances electricity use equals the heat gain divided by 0.7

d during holiday June 15 to August 15, usage rate is 0.1 and ventilation in out of occupancy mode
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My oo - : : )
cLeanTECH Building categories & NZEB requirements, kWh/(m? a)
ministrija Kompete un tehnolog
1) Detached house <120 m? 145 89.4
L X 2) Detached house 120 - 220 m2 and row houses 120 73.4
Not dynamic simulation
. . 3) Detached house >220 m? 100 59.5
specific, but dynamic o
simulation makes 4) Apartment buildings 105 45.9
different use patterns and  9) Office buildings 100 62.1
energy intensity more 6) Shopping and terminals 160 154
visible 7) Hotels 145 138
8) Restaurants 130 118
NZEB requirement = 9) Public buildings 135 135
non-renewable primary 10) Educational buildings (schools) 100 82,6
energy
11) Daycare centers 100 90.0
12) Health care buildings 100 83.7
13) Military barracks 170 85.9
14) Industrial buildings 110 68.7
15) Warehouses 65 65.0
Residential buildings: appliances and lighting are not included in EPB services
Non-residential buildings: appliances are not included in EPB services
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@ 060 . )
CLEANTECH Commercial simulation tools

ministrija

* Many tools >20 available but with Estonian input data localization only one

* Localization generates input data automatically (schedules, loads, setpoints)
from selected building category

* Advanced tools support BIM: geometry input from IFC files or dwg drawings

* EE methodology allows flexible zoning; similar spaces can be merged — typical
zones apartments and staircases, in offices facade and inner zones

* Automated geometry input is one of the main advantages — even small
buildings may have complicated geometry

EM iepirkums «Apmacibu seminaru blvspecialistiem un projektétajiem organizé$ana, un norises nodrosinasana» ID EM 2022/53
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@ 90 . Validated simulation tools

HuB

ministrija  ompe

Minimum requirements are specified for commercial simulation tools:

* |s to be validated according to relevant European, 1ISO, ASHRAE or CIBSE standards,
IEA BESTEST or other equivalent generally accepted method

* The climate processor should be capable to read Estonian TRY

* Heat recovery is to be included in the energy balance simulation (only system
requirement because it affects the utilization of heat gains)

* Simulation is to be conducted with real room temperatures (not with constant
setpoints)

As an exception, dynamic simulation is not required for detached houses, for which an alternative
compliance assessment method based on simple energy calculator may be used
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@ e Capacity limits?
ministrija —

* Simulation tools “eat” almost everything, >100 zones
possible

* Example: Estonian National Library building — major
renovation, complicated storage rooms etc. —
practically impossible to design w/o simulation
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¢ 080 T
@ CrepnTeCH Capacity limits?

ministrija  ompe

* 33 airhandling units

* many zones with different usage profile
* strict archival storage room climate
requirement (e.g.-3C...-7C/ RH 30...40%)

From 01012018 10 31/122918

g Feo | Ma e, ay | e bd, Au
® 1o 200 300 40

== = a5 Wasn ai temperature. Dag-C
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@ ==t Summer thermal comfort — overheating prevention

ministrija

* Trends in architecture - large windows and glazed
surfaces

* Overheating — a relatively new problem

* Difficult to estimate cooling need without dynamic
calculations

Single dwelling

(C

Indoor temperature
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¢ 080 ) )
@ ceavtees Summer thermal comfort — overheating prevention

ministrija  ompe

* If no cooling is installed, a dynamic temperature simulation in critical rooms is required in order
to comply with summer temperature requirements (25°C + 100 °Ch in non-residential and 27°C +
150 °Ch in residential buildings during three summer months simulated with TRY)

* An exception for detached houses, there the compliance may be alternatively shown with
tabulated values for solar shading, window sizes and window airing

35

Window airing in fixed position

s | Temperature excess over 27 °C |

25

Indoor temperature (C)

20

15
0 20 40 60

Time (%)
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@} o Summer thermal comfort — overheating prevention
HuB

ministrija

® Thermal zoning and modelling -
simulations can be room based or
apartment based

If temperature excess limit is exceeded,
then building design must be altered or
cooling system must be foreseen

N
’ l 1.&“?1« i | /

\lllf e

......... “‘ \”&\’ il

e
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@ e Summer thermal comfort — overheating prevention
Assessment of passive or semi-passive measures for overheating prevention or cooling load reduction can be
accounted:
- architectural shading elements - shading buildings
- shading buildings - active shading elements
- trees/foliage - dynamic control

Mean air temperature, *C

RECORDED WITH

SCREENCAST (® ) MATIC

EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53 72

EM iepirkums «Apmacibu seminaru

bavspecialistiem un projektétajiem

organizésana, un norises nodrosinasana»

ID EM 2022/53 36



Seminars "Energoefektivitates 10.11.2022
paaugstinasana €kas, lait tas atbilstu
nulles emisiju ékam"

cueg%;fw Systems calculation (HVAC and renewable energy)

Ek kas ministrija e

* Energy calculation logic is built up so that energy needs are to be simulated, but the systems
calculations can be conducted as post processing of the results

* Systems may also be modelled — choice by energy modeller

* There are no limitations for any advance solution to be modelled — energy modeller time and
competence, and in a less extent simulation tool capabilities are limiting factors in practice

* Generally accepted calculation methods should be used (European standards, etc.)

* Tabulated values of common systems losses/efficiencies are given in the methodology to
enable fast calculation of common cases (often preferred option)

* Instead of a tabulated value, detailed calculation can be always conducted

* On-site energy generation and its self-use may be simulated, or tabulated values can be used
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= Maasoojuspump Ohic-vesi SP
CLEANTECH Example: Heat pumps z z
ministrija Kompets un tehnolog
30 40 50 60 30 40 0 60
030 030 039 039 030 039 | 033 033 033 033
1.00 0.4 0.4 047 047 | 030 030 030 039
2,00 062 060 058 05 | 049 048 04 0.46
4,00 068 065 062 039 | 036 054 052 050
Three options to calculate heat pumps introduced in EE 040 00 [0 0m 0% 0% | oA 04 o4 oM
1.00 067 066 065 064 | 032 032 052 032
me htOd (0] | ogy: 2,00 0,78 0.75 0,72 0,70 0.63 0.61 0,60 0,38
400 084 079 07 073 | 068 065 06 061
1. With tabulated values of seasonal performance factor 050 0% [0 065 065 06 | 05 0 03 0
X 1.00 082 080 078 076 | 065 064 064 063
and energy ratio 2,00 0,90 0,87 0,84 0,81 0,73 0,71 0,69 0,68
400 092 0% 08 08 [ 078 075 0712 070
2. From seasonal Space heatlng and water heatlng 0.60 030 081 08 079 078 [ 064 064 064 064
.. . 1.00 092 080 088 0% | 075 oM om 07
energy eff|C|ency energy label data for cold climate 2,00 095 083 081 08 [ 082 0w 077 07
. 400 096 094 082 09 | 08¢ 082 08 077
(paCkage ﬂChe) 070 030 092 090 088 08 | 003 073 073 073
1.00 097 095 o084 092 | 083 0831 0% 078
3. Detailed calcuation with product data (EN standards, 2,00 0,98 0.96 095 0,93 0,87 085 0,83 0,82
. : 4,00 098 097 085 094 | 08 087 085 083
manufactures and simulation tools) e
1.00 099 098 087 09 | 088 087 085 084
200 099 088 087 09 | 090 039 08 036
400 099 0988 087 09 | 081 0% 088 087
050 030 099 098 088 097 | 089 088 0885 087
1.00 100 089 098 097 | 092 091 090 08
2,00 1,00 0,99 0.98 098 0,92 0,91 0,90 0,89
400 100 099 098 097 | 092 091 090 089
100 030 100 089 099 098 | 092 092 091 090
1.00 100 100 0% 099 | 083 092 092 091
2,00 100 100 0% 09 | 093 092 092 091
400 100 100 09 099 | 093 092 091 090
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@' CLEANTECH Exhaust air heat pumps coupled with district heating

ministrija
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CL;é%EECH Exhaust air heat pumps coupled with district heating

ministrija

el T T
= 1 e o -
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CLEANTECH
HuB

Complex systems: example of the geothermal plant with
separated thermal storage and free cooling

@

ministrija

Top heating ma(u ) [ =] # A2
£t 18
r' T L miwn [ BN
i 8 e
u10 | i
|
| AHU hot water
Base heatin gl
iy, = e
I S Sl
= = L
[.,',.. Zone hot water - ¢
: N P
e
Gl Bl
AHU cold water
SN
SR
Ble
i) Zone cold water
=al
B2 Generated power M
4 Solar Termal Fans
E3 Top heating t
[EZ Base heating I'F_ =
PUMPS Chiller operation
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CLEANTECH
HuB

Complex systems: large buildings with combined HVAC inc
boreholes

@

ministrija

147 zones with floor heating/cooling

Plant with

4 air handling units

4 tanks

3 heatpumps and chillers

2 burners

1 brine to ambient heat exchanger
15 pumps

5 brine to brine heat exchangers
55 controlers

100 boreholes
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ministrija

@ 080
CLEANTECH P
. HuB l Standord Plant
= e |
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@ ©eo
CLEANTECH
HuB

ministrija  Kompet
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i, CLEG%?CH Lighting & appliances energy consumption: tabulated or
o ' design values, dynamic control
* For appliances only tabulated values must
be used

* Lighting energy use may be calculated
based on design — but illuminance
calculations must be provided

mm W
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¥ CLeanTECH Self-use of on-site RENEWABLE ENERGY generation

kas ministrija

The self-use may be calculated: I
30 4

EE methodology allows to account only @
the self-use of on-site renewable ¥ %7
. £
energy generation z =
% 10
Exported electricity is not accounted in 3 o0 _“""‘"I::’”j
o —Stockholm
. o 5
the primary energy indicator 50 7 e
E’ZO f— ~——Rakvere

&
o

* Hourly simulation , | [ | |
0 10 20 30 40 50 60 70 80 90 100
Time , % (1year = 100%)

24,2 27,0 13,9

32,6 D ) ),

* Tabulated values (conservative)

Max delivered, W/m?

Max exported, W/m?2 316 -12,6 -34,2 -17,5
10th percentile, W/m2 38 6,2 -6,5 -2,7
150 10,9 14,8 8,4

90th percentile, W/m?
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2o A = o)
T ceEEer On-site PHOTOVOLTAIC (PV) ELECTRICITY generation
* Tabulated values based on PV azimuth, ERlCElies Cj:::;‘ﬂ‘;;zﬂf/
tilt angle and installation method 1) small house with heated surface < 120 m? 45
¢ Self-use percentage depends on bU|Id|ng tzgr?ascrzzngzl;:e with a heated area of 120-220 m? and a 40
type (35%95%) 3) small house with heated surface > 220 m? 35
4) apartment building 55
5) barracks 80
6) office building 90
7) accommodation building 70
8) commercial building 60
9) public building 80
10) commercial building and terminal 90
11) educational building 60
12) preschool building 75
13) hospital 85
14) warehouse 40
15) industrial building 90
16) building with high energy consumption 95
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@ 9 Apartment building example

HuB

ministrija

* Small building and compactness not best
possible — relatively high heat losses

]‘I * Reference building used in NZEB requirement
L testing

Calculated with several heat sources and PV

Cost optimal solutions:
External wall U=0.14, roof U=0.12, external floor
U=0.14, windows U=0.9 (overall), building
leakage rate g5,=1.5, heat recovery ventilation
with single dwelling units having electrical
reheating coils and rotary heat exchangers of
80% temperature ratio
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080 et gs
@ crepnTecH Apartment building example — energy use
MinIStrija  Kompet
Heat source District heat. | District heat. [Sround sourcq Air to water | Gas boiler
0.9 0.65 heat pump | heat pump
Energy balance Energy need |Delivered en.|Delivered en.|Delivered en.|Delivered en.[Delivered en.
kWh/(m® a) | kWh/(m?a) | kWh/(m® a) | kWh/(m*a) | kWh/(m?a) | kWh/(m? a)
Space heating 25.9 29.7 29.7 10.8 12.8 28.1
Ventilation supply air heatin| 4.4 4.4 4.4 4.4 4.4 4.4
Domestic hot water heating 30.0 33.3 33.3 11.5 15.0 31.6
Cooling 0.0 0.0 0.0 0.0 0.0 0.0
Fans and pumps 515 6.0 6.0 55 5.5 6.0
Lighting 7.0 7.0 7.0 7.0 7.0 7.0
Appliances 22.5 22.5 22.5 22.5 22.5 22.5
Total 95 103 103 62 67 100
EPC class B 125 EP, 137 121 123 134 139
» Calculated without PV to check the EPC class B requirement — achieved with district
heating and ground source heat pump
» For heat pumps 80% power sizing is used
« DHW, lighting and appliances are regulated values
« To achieve NZEB/class A=105, 15 kWh/(m2 a) PV production is needed with DH (18
with GSHP) at default 55% usage rate in the building [16/2.0/0.55=15 kWh/(m?2 a)]
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080 . . . .
@ ceeantecn EPBD: fixed lighting and no appliances, GSHP case
ministrija
[ In this case, only energy needs were
simulated — energy
| I use/delivered/exported energy
[ ON-SITE RE Solar PV | calculation as in a monthly method
| 16.0 PV electricity |
| | beLiveren Primary energy
I EN%‘U&E\ | ENERGY TOSITE (non-renewable)
i 22.4 grid PE =22.4x2.0=4438
| Iso'j" gains/ ENERGY NEED | BUILDING % .
03Cs BUILDING | TECHNICAL |  electricity kWh/(m? a)
l 259 space heating
NEEDS % SYSTEMS
| Heat Heating __ 30.0 DHW |
e Coolin « 10.8 space heating
I trgnsmission \Ientilagtlion __ 4.4 supply air heating | 11.5 DHW I
<« — 4.4 supply air heating EXPORTED
1 Bg::ilng _ 7.0lighting 5.5 fans and pumps ENERGY
i 1.4 fixed lighti
1 Int?m/Tl h: . Appliances 225 appliances P 4.8 electricity
gains/loads . Sum of electricity: -

| Energy need SB =
| |

Energy use SB |

Building site boundary @ Smart meter
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CLEANTECH
HuB

On-site PHOTOVOLTAIC (PV) ELECTRICITY generation

ministrija

Tabulated values based on PV azimuth,
tilt angle and installation method

Self-use percentage depends on building
type (35%...95%)

-1063.42

-1000.00
-950.00
-900.00
-850.00
-800.00
-750.00

-700.00
-650.00

(ew/ymy) Ab1au3

-600.00
-550.00
-500.00

0-1, . . ; . . ' i 0
-180 -150 -125 -100 -75 -50 -25 0 25
Plane azim from south

15
10
5

50 75 100 125 150

Calculation of optimal single solar array orientation.
Yearly optimum in Tallinn
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@ 909 On-site PV ELECTRICITY generation

HuB

ministrija

- South oriented PV panels with tilt angle 45°:
produces more during mid-summer and mid-day
how high is self-consumption?

- East/west oriented PV panels with tilt angle 20°

more uniform production, higher self-consumption for office
buildings etc

needs optimization for maximal self-consumption

30kWh daily consumption with 3kW solar system
4 —— Home
Energy use
— Solar
energy
production

w

Solar generation & household
consumption (kWh)

0 2 4 6 8 10 12 14 16 18 20 22
1 3 5 7 g 1 13 15 17 18 21 23

)
Hour of day 1PM m
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4 080 . . . .
@ CLepNTECH PV electricity generation modelling
ministrija  Kompet
e Tabulated values are conservative and imprecise for production estimation and self-consumption optimization for
more complex systems or installations
e Due to the hourly cycle of energy market, short-term prediction becomes more important
e Accurate yield estimation is especially important for off-grid systems
e Detailed modelling and simulations also allow for accurate estimation of shading, inverter and cable losses,
module degradation etc.
e Important for adequate investment decisions
&5 Ly & ;
L ,‘{' &7 :
= 2
£ < Ly
PVSyst { >
PV*Sol e ‘
IDA ICE (5.0) i |
Ecotect R,
DesignBuilder
DIVA 4 DAYSIM & EnergyPlus
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My o . ] .
FEe On-site PV electricity generation
ministrija
- Consumption: 4 5
4
.
# Z g
v
¥
v
Thermal losses: 806
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4 080 . . . .
@ CLEANTECH Complex architecture: sunlight and daylight exposure, shading elements and
i thermal zoning
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@ a%%?m Early-stage building modelling and optimization
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@ . geo Energy performance, heating and cooling load calculations
ministrija  Kompet Hus
Room unit cool, W/m2 Room unit cool, W/m2
|-
10
120
P I potential of cost savings
M no potential of cost savings
80 2
I 160
IAﬂ
- Precise dimensioning of all room supply units
- Avoiding any oversizing
- Savings in investment costs
EM iepirkums «Apmacibu seminaru bavspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53 94

EM iepirkums «Apmacibu seminaru
bavspecialistiem un projektétajiem
organizésana, un norises nodrosinasana»
ID EM 2022/53

47



Seminars "Energoefektivitates

paaugstinasana €kas, lait tas atbilstu
nulles emisiju ékam"

CLEANTECH
HuB

060 Energy performance, heating and cooling load calculations:

ministrija

examples
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@

iz o

CLEANTECH CONCLUSIONS

HuB

ministrija  x

Dynamic simulation with commercial tools has been required since 2008 in EE

Energy needs must be, but systems may be simulated — in many cases small
difference to monthly calculation

III

Relatively compact energy regulation as “validated simulation tool” specifies a

lot (requirements 10 pp, methodology 27 pp and EPC 19 pp)

Automated geometry input, input data generation and developed user
interfaces save time (+availability of advanced models)

Made energy calculation an integrated part of the building design and energy
requirements started to steer the design process

Latest developments — high performance, heat pumps, on-site generation,
overheating prevention — support simulation
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@ 000
CLEANTECH
HuB

ministrija

EXAMPLE OF NZEB NEW BUILDING ENERGY
CALCULATION
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080

CLEANTECH
HuB

Ekonomikas ministrija Kompetence, pieredze un tehnologijas

Thank you for attention!

W @EM gov_lv,@siltinam @ f (3 /ekonomikasministrija & www.em.gov.lv @ Brivibas iela 55, Riga, LV-1519, Latvia &3 +37167013100 (& pasts@em.gov.lv
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HuB

Ekonomikas ministrija Kompetence, pieredze un tehnologijas

Training seminar / Apmacibu seminars

Estonian Experience on Energy Performance Certificates
(EPC), Energy Audits and Deep Renovation Grant Schemes
(Session 3)

Igaunijas pieredze energoefektivitates sertifikatu (EPC),
energoauditu un padzilinatas renovacijas grantu shemas
(Sadala Nr.3)

Prof. Jarek Kurnistki, PhD and Raimo Simson, PhD (Estonia)

@ o Agenda / 14:30 - 16:00

Hus

ministrija  Kompet

Estonian experience on energy performance certificates (EPC), energy
audits and deep renovation grant schemes
(by Prof. Jarek Kurnitski, Raimo Simson)

® EPC-s for new buildings, checking mechanisms by input data and results tables

® EPCin the design and construction process
® EPC-s for existing buildings and energy audits

® Renovation grant scheme system for residential buildings: main steps in the application
process

® Renovation grants technical requirements for apartment buildings
® Examples of typical renovation solutions

° Q&A
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CLEANTECH
HuB

Ekonomikas ministrija Kompetence, pieredze un tehnologijas

EPC and NZEB requirements

101

4 000 . .
@' cepnecn Estonian energy performance regulation

ministrija  Kompet

* The energy performance requirement of buildings is based on primary energy
use that is the only requirement (since 2008) and therefore allows very flexible
design and construction

* Energy performance requirements are linked with EPC classes (NZEB = A)

* The NZEB requirements have been in place since 9th of January 2013 but were
detailed in Nov 2018

Energiadhususe mbinimumndue
4
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@ 000 ) )
CLeaNTECH NZEB in Estonia

ministrija

EPC Class A = new building NZEB
EPC Class C = major renovation NZEB

Zone 5

‘ ) : ‘ ( “ ‘7 Co-funded by
@ @ @ the European Union
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@ 080 . .
CLEANTECH NZEB in Estonia
ministrija Kompet
e Energy performance (EP) values based on non-renewable primary energy
e Exported energy is not accounted in EP calculation
e Assessment boundary = site boundary = connection points of main meters
[ = = o o - 1
| LOKAALNE I
TAASTUVENERGIA
| - ‘ |
| _ e . marniup | o
_— — ENERGIA =
| 1E
I = | ENERGIA- . |qEleker g
i — 1]
| Vabasoojls e NETOENERGIA- | KASUTUS %ﬁau Eu':e' E 2
paikesest| VAJADUS ) PR R £ =
I ﬁ!r-b- V] ;:}l:dused Kiitteenergia £§¥2EMID Kiitused g’ é
oojuslevi labi » (taastuv- ja & ©
e[ e——— ]
| Soe tarbevesi ‘algustuse elekter | tootmine S 5
V « EKSPORDITUD, 2 &
| Sinaned | ;2':::1‘:: _ Seadmete slekter ’ ENERGIA 1 g 2
isese -« 3
| b N s — ja muundumine _E,E,me_.l & £
| [ N.etoene(g_r_avajaduse Kiitteenergia = g
siisteemipiir L o ¥
I Jahut a, 53 o
-1 2
| Energiakasutuse 1 %
sisteemipiir it
e e e T T e I e P sy |
Kinnistu piir = tarnitud ja porditud
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EXAMPLE: apartment building with GSHP

4 = o]
o CLEANTECH
HuB
Ekonomikas ministrija Kompetence, pieredze un tehnolodifas.
ON-SITE RE Solar PV
ENERG
lso'j" gains/ ENERGY NEED | BUILDING
0acs BUILDING 25 9 space heating | TECHNICAL
NEEDS = 9_| SYSTEMS

Heat
transmission

Internal heat

Heating

30.0 DHW

Cooling
Ventilation

4.4 supply air heating

DHW

A A A A

7.0 lighting

Lighting
Appliances

gains/loads

Energy need SB

__ 22.5 appliances

10.8 space heatin
11.5 DHW

4.4 supply air hea
5.5 fans and pump
1.4 fixed lighting

=1

Sum of electricity:
33.6

Building site boundary

L e |

16.0 PV electricity |
11.2 self-use)

DELIVERED

I ENERGY TO SITE

I EXPORTED
ENERGY

| 4.8 electricity

22.4 grid
electricity

o

Energy use SB

—3

@ smart meter

>

EPBD
Primary energy
(non-renewable)

PE=224x20=4438

EE
Primary energy
(non-renewable)

PE =(22.4 +22.5 +

5.6) x 2.0 =101

EPBD calculation with fixed lighting and no appliances, in EE calculation these would more than double PE to 101 kWh/(m? aips

o

%

a0

CLEANTECH

e New building NZEB requirements

ministrija

In Estonia new NZEB has two requirements:

1. EPCClass A

2. Additional NZEB requirement — EPC class B is to be achieved
without on-site electricity generation:

* Energy efficiency measures cannot be fully compensated with RE generation

* On-site/nearby RES is not specifically required, but the easiest way for EPC Class A

NZEB exceptions, EPC Class may remain in between A and B if:

* not enough space on the roof;

* or shadings limit the PV generation below 70% of optimal.

* In such cases EPC Class A is not required to be sure that strict NZEB
requirements will not block construction in specific cases
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ARN. DRNW

- Nearby RES implemented

~* On-site RES can serve more than one building/building site, but needsk :
- to be directly connected to the buildings (cannot be transported via
medium/low voltage grid or district heating network)

Has resulted in the largest PV plant in Tallinn, 24 000 m? and 1.4 MW

L RN - 0\ W e
3l istieth ojektétajiem organlzesana,‘u.m\ rises n

4 060 I . .
@ ceeanreen Building categories & NZEB requirements, kWh/(m? a)

NZEB requirement = 1) Detached house <120 m2 145 89.4
non-renewable primary 2) Detached house 120 - 220 m? and row houses 120 73.4
energy 3) Detached house >220 m? 100 59.5

4) Apartment buildings 105 45.9

Primary energy

5) Office buildings 100 62.1

factors: 6) Shopping and terminals 160 154

* electricity 2.0; 7) Hotels 145 138
« district heating 0.9;

« efficient district 8) Restaurants 130 118

heating 0.65; 9) Public buildings 135 135

* renewable fuels 0.65; 10) Educational buildings (schools) 100 82.6

« district cooling 0.4; 11) Daycare centers 100 90.0

* efficient district 12) Health care buildings 100 83.7

cooling 0.2; 13) Military barracks 170 85.9

* fossil fuels 1.0. 14) Industrial buildings 110 68.7

15) Warehouses 65 65.0

Residential buildings: appliances and lighting are not included in EPB services
Non-residential buildings: appliances are not included in EPB services
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Ekenomikas ministrija

CLEANTECH

HuB . .
e Estonian energy performance regulation

Kompetence, peredze

1. MKM no 63 regulation 01.01.2019 Minimum requirements for energy
performance

2. MKM no 58 regulation 21.01.2019 Methodology for calculating the
energy performance of buildings

3. MKM no 36 regulation 21.01.2019 Format and procedure of issuance of
energy performance certificates
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HuB
an temciog

ministrija

Estonian regulation — EP Compliance assessment

* For all buildings except detached houses, energy performance calculation
shall be based on dynamic building simulation

* Dynamic simulation with a commercial simulation tool has been required
since 2008

* The main idea was to make energy calculation an integrated part of the
building design — the same tools are used for the design (cooling load,
summertime overheating prevention, daylight, systems sizing) and for the
compliance assessment with requirements and EPC generation

* Energy simulation is typically conducted by HVAC specialist who owns
energy modeller or energy specialist qualification (master level university
education available)

* Existing building EPCs are based on metered energy — simulation needed
only for new buildings and major renovation
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HuB

ministrija

Energy performance calculation methodology

Building leakage rate measurement or declaration/verification method
mandatory (blower door test) to use gs,=1.5 m3/(h m?)

Guideline and catalogue values for thermal bridges have been made
available

Guideline for simulation of energy use for lighting — illuminance levels
(Ix), installed power density (W/m?2), controls and daylight contribution

Temperature simulation guideline for overheating requirement

Energy metering requirements to distinguish regulated and not regulated
(processes) energy use

EM iepirkums «Apmacibu seminaru blvspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53
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HuB

ministrija

Energy performance certificates
E_N ERGIAMARGIS

Calculated EPCs and EPCs based on real
metered use expected to be as close as
possible — possibility to reduce metered
energy not accounted in energy calculation

EPC must be issued before the building
permit, but an updated calculated EPC must
be issued for the use permit application

Hoane energianBhususarv: 90 i

After 2 years of operation EPC based on
metered energy use will be issued
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‘Energy calculation input data report

[Energy calculation input data
INumber of calculation zones 116
Heating system type.

EPC

Energy calculation results report

“heat generation and fusl e r— Building data
v;::m:'::“;?‘m = o Buidling category Office building x New building
Cooln ’ % Address Jarvevana tee 7b, Kesklinna district, Tallinn Major renovation
ST s uality control e omyear e e
Y
Linoar themal bridge data reference Heated area 3605.1 m* Existing building
Heat loss through building envelope elements. Heat loss through linear and point thermal bridges Infiltration heat loss. Low temperature setpoint area ¢
uiding envelope 9 u, A Huauson | Linear or point thermal v, [ orepert cuanty | Netarea 3605.1 m*
ctement - Wi K) o WK tance WK m WK opery " | EP value 99.7 KWh/(m’y) (KWh per heated area)
Extemal wat 012 12230 tasg  [Edemalvebestemalval oos eaa sy [(PNSRNEETE s | EP value B 105.8 kWh/(m?y) (kWh per heated area)
Extemal roof 0.09 9010 811 |Roofextomal wal 09 w20 1za [ (buiing sata | ~EPvalue wihout on site lectrcity generation
e omal foor abowe oot floor above parkin envelope). c Delivered fuel mass  Delivered  Delivered  Exported  Exported Weighting  Weighted
partin o® B0 23 et 041 1470 162 |Nooffloors 5 nergy use or quantity/volume energy energy energy energy factor energy use
penasoer i &0 10 fnnowpemar I O otos | SUMMAL unit KWhiy  KWh/(m’y)  KWhiy  kWhi(m?y) - KWh/(ry)
Wincow sovtheast) o 0 00 2300 Electricity 179754 49.9 1223 0.3 2.0 99.0
Window (south-west) 024 083 80.0 66.4 Sum t 179754 49.9 hak bk 99.0
Window (north-west) 024 083 288.0 239.0 On-site and exported ° Self-use
Sum: Heonduction WK 9627 Hipoar, WK 80.1 Hinpiration, WIK 127.7 energy n-site generated Exported fraction
T FENT e nen e et
2o . o i a o) %
[Average themma transmittance P 031 Photovoltaic electrioty 12226 34 1223 0.3 90
Low temperature setpont area A" 00 Energy use of technical systems Electricity Heat Electricity Heat
Specific hea loss calculated per hoated arca X:\/A[:vﬁ’() 032 KWh/a KWhia___ kWhi(a m®) _kWh/(a m%)
Heating system - B - N
Ventilation system Air flow rate System  Heat recovery Heatrecovery Exhaust air Supply air Space heating 14318 4.0
supply/extract SFP type. temperature  min. temp." temperature’ Supp\y air heating 4942 1.4
m'ls KWi(mis) - °C “C .
[CAV-1 6.40/6.40 1.84" ‘Wheel 0.85* 5 variable DHW hea"ng 8011 22
cav-2 0801080 47 Plate 074 2 variable Auxiliary electricity - -
S—— Ventilation system' 41460 115
. . . . Cooling system 4623 13
Heating system GonemtinEriston ana Healng pero” Hestpur”  Auden”Healnganc® __ Heatng s powe? * Auiary eloctity 832 02
offidency. - COP,- fraction. - KWhi(n®) cic KW P Lighting 48334 13.4
[Spece reaing - o 2 o B puas Appliances 68237 18.9
Bomaste ot wotor . 100 b o s Surr: ‘m"';' energy use of technical 190757 52.9
0 e repcred for heat umo systems systems]
- " supply air heating is accounted as a part
EER total cooling  electricity Energy need kWh/a kWh/(a m'
. energy®, - KWhi(m’ a) IR B Bk B 2
o s oortamparanre, o repied i sysoms Supply air heating 20755 58
[On-site renewable Solar colector PV panals_ Wind generator DHW heating 21631 6.0
energy systems actwve max nominal Space cooling 4181 12
: S srea.m’ ___power. kW _power. kW Supply air cooling 16724 4.6
oo penel) #includes infltration and supply air heating in the room
internal heat gains Ocoupancy  Applances  Lighiing _ Usage rale o time. 5 calouated
e . . L sk housne Caloulation ool name and version 1DA Indoor Climate and Energy 4.6
[usgucasme e g s aatino e xae CRED 09.07.2015 Indrek Raide /digital signature/ 113
Daic Y Date Name. ignature
] = o) .
ESE)
cLeanTECH Conclusions on NZEB and EPC
ministrija Kompete un tehnolog
* NZEB has two requirements: with and without renewable energy generation
* NZEB exceptions allowing less renewable energy generation in unfavourable building site are
important — otherwise strict requirements could block construction
* Dynamic simulation with commercial tools has been required since 2008
* Energy needs must be, but systems may be simulated — in many cases small difference to
monthly calculation
* Relativel t lati “validated simulation tool” ifi lot
elatively compact energy regulation as “validated simulation tool” specifies a lo
(requirements 10 pp, methodology 27 pp and EPC 19 pp)
* Automated geometry input, input data generation and developed user interfaces save time
(+availability of advanced models)
* Energy calculation is an integrated part of the building design and strict energy requirements
started to steer the design process
* Latest developments — high performance, heat pumps, on-site generation, overheating
prevention — support simulation
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Ekonomikas ministrija Kompetence, pieredze un tehnologijas

Deep energy renovation in Estonia

115

o

80 . . .
GLEANTRCH Deep energy renovation experience from Estonia

B
ministrija Kompet

%

* KredEx renovation grants have been available for apartment buildings since 2010
so that 3 000 apartment buildings are deeply renovated and 14 000 are still to be
renovated by 2050 (LTRS)

* Cost optimal energy performance level calculated with 30 years period leads to
extensive renovation — housing associations need financial support to undertake
such deep renovation

* 32% tax return has been reported from deep renovation projects, thus renovation
grants can be budget neutral:
Pikas et al. 2015 https://doi.org/10.1016/j.enbuild.2014.10.004
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Q8o

Cost structure of renovation projects

ministrija

m  Material costs, € m  Labor costs for employer, €

m  Project management costs, €

» Labor cost of 34% includes all labor cost in design, constructin and manufacturing
* Project management cost of 12% includes all costs in design and construction

EM iepirkums «Apmacibu seminaru blvspecialistiem un projektétajiem organizéSana, un norises nodrosinasana» ID EM 2022/53 117
@ 060
CLEANTECH Tax return breakdown

ministrija

VAT return

0 .

16,7% ||From construction
16,3%

32% direct
return

From consultancy

From construction
11,9%

Labor tax return
15,6%

32% tax return shows that renovation grants can be budget neutral
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@ 080 : . .
ceantees Kredex renovation grants — 30% financial support

ministrija

hususe miinimumnoue

2019- 30%| 20%
2015-2018 40%| 25% 15%
2010-2014 35%| 25% 15%

>80% of buildings/grant applications have targeted the maximum financial support

2019 onwards: C class grant split to 30% support in Tallinn and Tartu, and 40-50% in periphery
Since 2015 room-based ventilation rate and heat recovery requirements

EPC Class C = major renovation NZEB requirement since 2020

> EPC Class A = new building NZEB e

@ e e Field tested scheme, example from 2012: sdpruse pst 202,
ministrija R Ta"inn

® 11 375 m? (162 ap. 2012-2013)

Investment € 2 062 000, 181 €/m?

Grant 35% € 721 600, 63 €/m?

® Credit € 1 340 000, 20 years

Measured annual savings 63%, ~500 MWh
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2 00 . . .
@» cLeanTECH Kredex insulation requirements

ministrija

U-value and thermal bridge requirements
30% grant

External wall (opaque), W/(m2K) 0.20

Windows (tot value), W/(m2K) 1.1 _
Roof, W/(mZ2K) 0.12

Linear thermal bridge (window- 0.05 o =0.78: #=0.35 Wi(mK)
wall) W/mK

In the case of 30% grant, windows are to be replaced and moved to
the insulation layer in order to comply with thermal bridge fri=0.88: ¥0.03 W/(mK)
requirement
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2 900 I .
@' e Kredex ventilation requirements

ministrija  Kompet

20% renovation grant:

® Continuous an average ventilation (for total apartment) 0.5 1/h;

® Supply or intake air flow rates to be at least 10 I/s in bedrooms and living rooms at

sound power level no more than 25 dB(A);
® Extract air flow rates at least 10 I/s WC, 15 |/s bathroom and 8 I/s kitchen (10 I/s in
bathroom and 6 I/s in kitchen in one room flats );

® Heat recovery is NOT required (EPC class D is to be achieved)

Additional requirements for 30% renovation grant:

® Mechanical supply and exhaust ventilation with heat recovery OR exhaust air heat

pump with ventilation radiators required
® AHU-s must have reheating coil (supply temp. 18°C) and cannot have electrical

preheating coil (refers to sectoral defrosting)
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@' CHERE sons learnt: renovation grant period 2010-2014

ministrija

Natural ventilatio

® Almost no air change — 03 h' measured in aver
* Modest energy savings < “:'I l"“‘“’”él
® Draught problems from air intakes 0 [Ij
® Moisture and mould problems
] ®
N
¢ Banned since 2015 in K X B 0
renovation grant requifements '
0 N

Ih
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@‘» et Lessons learnt: renovation grant period 2010-20

ministrija  ompe

® Almosi¥wg air change — 0.12 h"' measured in average
* Noise: too IOWwairflow rate at 30 dB(A), 2015- requiremgfit 10 L/s & 25 dB(A)
® Frosting in in wini®, dedicated frost protection togs€xpensive for small units

® Small pressure rise — stack effect overruns igflower floors — start to work as
intakes with no heat recov@gy — no thermgf comfort if no heat recovery

® Wrong ventilation principle — dOWQ : haut from wet rooms — mould problems

[ = O
| N

110405

SRVU HR (used 2010 - 2014) are banned since 2015 in KredEx renOvgtion grant
reggffements: Mikola et al. Energies 2019, 12(13), 2633; https://doi.org/10.3390/eMe2132633
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@ .00 Sizing of ventilation in typical apartments

ministrija

Ventilation air flow rates according to requirements:
Floor Exctract airflow rate, |/s Supply airflow rate, I/s Air change
area, m? WC Bathr.Kitchen Total Living Bedl Bed2 Bed3 Total I/s m’ 1/h

Single room

1 bedroom
2 bedrooms

3 bedrooms

To balance the ventilation, supply airflow rates are increased in small
apartments and extract airflow rates in large apartments:
Floor Exctract airflow rate, I/s Supply airflow rate, I/s Air change

area, m? WC Bathr.Kitchen Total Living Bedl Bed2 Bed3 Total I/s m’

Single room|

1 bedroom

= Airflow rate measurement protocols are required
= |f extract airflows are not met, 0.5 1/h air change rate it is accepted in up to 20% of apartments 125

@ CL%&QCH Estonian innovation 2015: enables cost effective heat
e recovery ventilation — ventilation problems solved

Estonia, KredEx —
A Deep Renovation model for Europe

Estonia has achieved great results in deep renovation, thanks
to the KredEx renovation grant system. Backed by the EU since
its 2010 kick-off, KredEX features strict technical requirements,
focusing on high-level energy efficiency and indoor climate
conditions.
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CLEANTECH
H

Supply-exhaust ventiation

uB

ministrija

Insulation is covered
with sheet steel

Separate 100 mm supply
ducts to every apartment

Added insulation

Ventilation duct @100
inside the insulation layer

100 mm insulation on
the ventilation duct

Magisterial duct to the
ventilation unit

Wall fixing clambs Ll

for ventilation duct _—|
85, f100)

Coats (base,
reinforcement+ finishing] H
Expanded polystyrene N
Exterior concrete
Wood-chip insulafion
Interior conerete ]
Interior finishing

Ventilation ducts r1R

100 to lower floors
200

Original wall structure

@® i

Fresh air intake

Exhaust air

Extract air ducts inside
thermal insulation

unit with heat recover

Extract air from
bathroom/WC

KITCHEN

Fan _Heating coil

Centralized mechanical supply and exhaust ventilation

Extract air from
kitchen/bathroom/WC

Supply air ducts inside
thermal insulation

KITCHEN

ver

Existing old
ntilation shaft

KITCHEN

Existing concrete panel (250 mm)

Transfer air Radiator
—"

Added coates (base,

reinforcementsfinishing

Added thermal insolation (200 mm) BASEMENT

¢ Ductwork installation on the facade at the same time with insulation — no ductwork installation in

apartments

¢ Minimum disturbance in apartments — almost all renovation works from outside
* Most popular solution in up to 5-storey buildings, up to 70% heating energy saving

127

wizle

CLEANTECH
HuB

ministrija

3-way valve
switch between

Air to water heat exchanger

Exhaustair 4

Circulation pump

55°C 100

Exhaust fan

Extract air from

Radiator heating heat
exchanger

District heating network

Domestic hot water boiler Il
District heating network

DHW heat exchanger
“\_DHW circulation pump
Domestic hot water (DHW) circulation

Domestic hot water boiler |

Cold water

Added coates
(base, reinforcement
+finishing

Added thermal
insolation (200
Original concrete
panel (250 mm)

Fresh air intake

Fresh air intake

Fresh air intake

Heating supply
and return pipes

Exhaust air heat pump with ventilation radiators

Air o water heat exchanger

Filter Exhaustfan
2°C B
4°C )
Extract air from ] @ =l Exhaust air
Kitchenvbathroom/\WC 2
B
Extract air
Preheated supply air Preheated supply air
¥ veniation adiator Ventiaton radictor
KITCHEN
Transfer air
Heating supply ED Ga Heating supply
and return pipes  Exract \_Extract air and retum pipes
Preheated supply air Preheated supply air
¥ Ventation adiator Ventiation raietor %
KITCHEN
Transfer air
Heating supply fad s Heating supply
and retumpipes  Extractair Extractalr and return pipes
Preheated supply air Existing old < Preheated supply air
Ventiation raciator entiation shaft Ventilation radiator
o,
KITCHEN
Transfer air
Domestic hot water
1 40°C " 40°C
55°C 55 °C} 55°C
Supply and retum pipes from i Domestic hot water
exhaust air heat exchanger on roof /| 2 circulation
5°C BASEMENT.

Heat pump /

I

DHW bolers \_Cold water

» Popular solution in taller buildings (superior performance in Central European climate)
+ The use of ventilation radiators required to assure heating and filtering of intake air
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Fresh air intake

Fresh air intake

Heating supply
and retum pipes
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ministrija  ompets

20°C

Ventilation radiators are not sensitive to freezing, but have a self-heating performance

with closed thermostats

With closed thermostats ventilation radiator induces room air driven heating of intake air
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@ 080 . ,
ceeantec Typical energy savings _ _ _
mistrfa o Renovation technical solutions:
e Insulation of external walls (200 mm, A-0.036

Before renovation Electricity, Heating energy, W/(mK)), U-0.15 W/(m?3K);

kWh/(m?2a) kWh/(m?2a) e Insulation of roof (300 mm, A-0.036 W/(mK)), U-

Heating system 21K -

Space heating 114 0.10 W/(m K)i i i
DHW heating 63 e Installing new triple-glazed windows, U-1.10
.................... Auxiliary electricity 0.5 . W/(mz2K);

Lighting 7 . i . .
Appliances . 22.5 * Instaling a . new two-pipe heating system with
Delivered energy T 30 177,00 thermostats;

Primary energy, kWh/(m2a) 175 e Instaling a new supply-exhaust mechanical

ventilation system with heat recovery;
e Heat recovery temperature ratio 80% and air

After renovation Electricity, Heating energy, i P _ 3

KWh/(m28) Wh/(m?a) handling unit SFP - 1.8 kW/(m3/s).

Heating system

Space heating 22
Supply air heating 12
DHW heating 33 e Heating reduction by 62% . ..
.......... ... Auxliary electricity Q.5 ... e PVinstallation would it
Ventilation system 7.9 allow to reduce electricity
Lighting 7.0
5 use — popular (but not
required) in renovation
Primary energy, kWh/(m?2a) 119 projects
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y 80 . . . ME without EAHP HRV
@ cueanrecn Ventilation in operation 2015-2017 y heat recovery
Ek kas ministrija - )
f— 1 Required °
% 1.0 minimal air
* Measurement protocols: when handed g oo e
over, the requirements were met g 08
© 0.7
®* Measured in operatlon, average of all £ n=032h"
apartments 0,57 h! § o5 ! -
L]
® According to ventilation system: %2: L . ,\ .
¢ Heat rec?_lvRe‘l; 31;(3:h€nlcal supply and § 02 7/;7
extract < o1 /
( < 7. /;5

® Exhaust air heat pump (EAHP) 0,32 h-t

Apartment ® Air change rate in apartment
® Mechanical exhaust (ME) 0,32 h-! Living room Bedroom
® Supply and extract air flows in the rooms ®
in adequate level: L .
520
® Living rooms 9 L/s é _ _
* Bedrooms 8 L/s 215 " [Afl%alllgequuemen!
° Bathrooms and toilets 11 L/s g |7 oooe®’ Lo <8218 __joe0'
® Average per person 6 L/s, pers g“’
— First time in the history (in large scale § s
in the world) renovated apartments have an =
adequate ventilation!
0

|rl<ums «Apmacib inaru speci em un_pi &tajiem organizéSana, un norises nodrosmasana» ID EM 2022/53
https Jdo. org?lr?) 1058)" Uldem 28T 1bRReE Apartment @ Supply airflow

@ CLEG'%?cg Main steps in the Kredex grant application process

ministrija  Kompet

® Housing association decision — simple majority 50% +1 in general
assembly meeting

® Qualified technical consultant required — steering the preparation
® Energy audit/EPC of the building and investigations (stacks etc.)

¢ Detailed technical design: full set of building design documents
(including calculated EPC for compliance approval)

¢ Building permit applied/issued
® Credit decision from bank issued
¢ Grant application to KredEx:
® Investigation of design documents by third party experts (KredEx)
® Revision of design documentation if needed (applicant)
® Funding decision by KredEx if all requirements met
¢ Tendering with contractors
¢ Construction (KredEx has special supervision rights)
¢ Commissioning protocols for ventilation rates and heating system
® Grant payment by KredEx after handing over
®* EPC based on measured use after one year operation
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See NZEB renovation
concepts comparison

Kuusk et al. 2020

(Estonia-Germany-Italy):
https://doi.org/10.1051/e3s

Solving ventilation has been a key of successful
renovation of residential buildings
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SUMMARY of Estonian renovation grants

* Lessons learnt 2010-2014 period — poor ventilation sometimes resulting in moldy
apartments the most significant problem

* 2015-2018 grants required HRV ventilation, and moving windows to insulation level in the
case of 40% grant as major changes

* Both changes were first seen as ,fully impossible” by stakeholders, but after 6 months
economic solutions were found

* Model renovation solutions — KredEx renovation manual is prepared — designers can copy
and customize

* The same practice has followed from 2019 onwards by splitting 40% grant to 30-40-50%
depending on the location
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