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Introduction

This presentation gives an overview of the cost-
optimality studies carried out in Malta and how
the results emanating from these studies were
used to establish the cost-optimal and NZEB
performance levels for different categories of
buildings (both new and renovated).




Cost Optimal Studies

Cost-optimal studies have been carried out in
2018 for the following building categories:

Hotels

NENEUIERIS
Shops

Homes for the Elderly
Schools

Sports Complexes
Offices (New Only)

Studies have been carried out for both new
buildings and buildings to undergo major
renovation




What is cost-optimality ? Cost-optimal
range versus cost-optimal point
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optimal points
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Method adopted for cost-optimal studies ¥

Select
Reference
Buildings (RBs)

Calculate
Global
(Life
[@Vd[)
Costs

Plot
Global
Cost
versus
Primary
Energy

Identify

Building

Envelope
Improvements

Calculate
Primary
Energy

Demand

Find Cost
Optimal
Range

Carry out
Pareto
Front

Analysis

Identify System
Packages’
Improvements



Pareto Front Analysis for Building o
Envelope

Plot of Present Worth (PW) of each combination of measures in euro/m? against
space heating and cooling demand (kwh/m?2/annum) -Hotel 1 (Bernard)
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Space heating and cooling energy demand (kWh/m?a)withCOP=1

The chosen Pareto optimal envelope measures, which lie on the pareto
front are depicted with black boxes. The y-axis is the present worth
capital cost of different building envelope improvement options.
Different HVAC equipment system improvements were afterwards
applied to the chosen envelope options.




Package of Measures considered for active =

-

systems and RES
Example of active package of measures:
Domestic Hot Water : Replacement of fuel boilers
with Heat pump systems or heat pump/solar
thermal system combination

Space heating and cooling systems: Replacement of
fuel boilers with Variable Refrigerant flow systems

Renewables: Incorporation of PVs to occupy
different percentage of roof area

The packages are also tailor-made to the specific
category of use of the building — sports complexes
and hotels require considerable amounts of hot
water.




Definition of measures and packages

Combination of resulting building envelope pareto measures
with active + RES package of measures

Building Envelope & Heat recovery

Package
of
measur
es

Window
(incl.
frame +
glazing)
U-Value
(W/m2K)

Window
glazing
Tsol

Window
glazing
Light
Transmitt
ance
Value

Shading
factor

Space heating
& cooling

Renewable
energy (PVs) -
kWp

6

0.9

As
designed

Ref (oil boilers)
+ chiller (no HR)

Ref (oil
boilers)

0

0.9

As
designed

Ref (oil boilers)
+ chiller (no HR)

Ref (oil
boilers)

27 kWp (hotel
1)

0.9

As
designed

Ref (oil boilers)
+ chiller (no HR)

Air to water
heat pump

0

0.9

As
designed

Ref (oil boilers)
+ chiller (no HR)

Air to water
heat pump

27 kWp (hotel
1)

0.9

As
designed

VRF + heat
recovery

Air to water
heat pump

0

0.9

As
designed

VRF + heat
recovery

Air to water
heat pump

27 kWhp (hotel
1)

0.9

As
designed

Ref (oil boilers)
+ chiller (no HR)

Ref (oil boilers
+ solar
thermal)

0

As
designed

Ref (oil boilers)
+ chiller (no HR)

Ref (oil boilers
+ solar
thermal)

27 kWp (hotel
1)

As
designed

VRF + heat
recovery

Heat pump+
solar thermal

0

As
designed

VRF + heat
recovery

Heat pump+
solar thermal

27 kWp (hotel
1)

0.5

Ref (oil boilers)

PR B | P e B 1) )

Ref (oil
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Tens to 100s of
combinations were
considered
depending on the
building category
and EHEE
building




Primary energy demand and global life cycle ‘.‘
Calculation of primary energv demand for each
combination of measures using the National Calculation
Methodology — SBEM-mt

Calculation of global (life-cycle) (LCC) costs for each
combination of measure:

Data requirements for LCC analysis:
Capital costs
Operating costs
Maintenance cost
Replacement/Re-investment costs
Disposal costs
Discount rate
Price development for the calculation period (20 years)
Cost of carbon development (Macroeconomic analysis)




Global life cycle cost versus primary energy 9
graphs

Cost-optimal levels performed with DR3% Macro-economic Analysis
with NO RES

Renovated Hotel 5 (George) without RES Macroeconomic calculation DiscountRate 3%

1,250

1,200
1150 - Range of measures

—_— . . = x 0 ' ot
£ 110 for which incentives Non cost-optimal points (highe

1000 | could be considered LCC, Jower energy performance
950 @

Q00
o \—® ost-Optimal

700 levef
650 675 700 725 750

Primary energy (kWh/m2a)

-
L
]
v
Lo}
[
]
0
o
0




_ontigurations and sensitivities considerec
cost-optimal graphs

Global cost (€/m2) versus primary energy (kWh/m?2/a) was plotted for each reference
building (both for new and renovated) for the following configurations and sensitivities:

1. For the financial calculation:
a. With RES - Discount rate (4.5 %), price development 1 for both electricity and heating
ol
b. With RES — Lower Discount rate (3 %), price development 1 for both electricity and
heating oil
c. With RES — Discount rate (4.5 %), price development 2 for both electricity and heating
ol

d. No RES - Discount rate (4.5 %), price development 1 for both electricity and heating oil
e. No RES — Lower Discount rate (3 %), price development 1 for both electricity and
heating oil

f. No RES — Discount rate (4.5 %), price development 2 for both electricity and heating oil

2. For the macroeconomic calculation:
a. With RES - Discount rate (3%), =-===epp- Scenario considered to determine near
b. With RES — higher discount rate (5 %) zero-energy levels

C. No RES — Discount rate (3% ), mum———p Scenario considered for cost-optimal
d. No RES — higher discount rate (5 %) energy performance levels




Analysis of results (i)- Summary of results

Critical difference between current and cost-
optimal is 15 %, beyond which Minimum Energy
Requirements need to be upgraded.

% Difference % Difference
New hotel 1 in pri New hotel 3 New hotel 4 New hotel 5 in primary
[Bernard) - jmsi Current? (Bayview) [Riviera) cost cu 2 [George) cost 5 energy
cost optimal EY i Minil cost optimal optimal rent optimal Current
prir:tarv median cost- N |_r||mum optimal & pril::ry — Minimum primary Minimum median cost-
is/Sensitivi N requirements _ . N
Analysis/Sensitivity optimal & ) — current energy — rey iaqullehn;‘ealztz q::::,‘:

- current ~ — requirements _ nts . nts

req“::nge requirements EEEEE - Mew hotel range IEW:I:;: v i m“:n';: (George) requirements
New hotel 1 2 2 new hotel 5

{kWh/m?/a) (Ghajnsielem] | (KWh/mZ/a) (kWwh/m2/a) (kWh/m2/a) [George)

Financial calculation with RES -
DR (4.5 %), P. Dev. 1
Financial calculation with RES -
DR (3 %), P. Dev. 1
Financial calculation with RES -
DR (4.5 %), P. Dev. 2
Financial calculation without
RES - DR (4.5 %), P. Dev. 1
Financial calculation without
RES - DR (3 %), P. Dev. 1
Financial calculation without
RES - DR (4.5 %), P. Dev. 2
Macroeconomic calculation
with RES - DR (3 %)

Macroeconomic calculation 757841 | 109182 : 1072.29 4893 672748 | 1102.59 687-775 | 103833 630-674 4151

Macroeconomic calculation
‘ without RES - DR (3 %) 1072.29 -41.18 713-748 1102.59 724-T75 1038.33 B653-674 -39.06

1072.29 -41.18 713-748 1102.59 724-775 1038.33 653-674 -39.06

757-841 1091.82 . 1072.29 -48.93 672-748 1102.59 687-775 1038.33 J 630-674 -41.51

757-841 1091.82 1072.29 -48.93 672-748 1102.59 687-775 1038.33 . 630-674 -41.51

757-841 1091.82 1072.29 -48.93 672-748 1102.59 687-775 1038.33 630-674 -41.51

786-841 1091.82 1072.29 -41.18 713-748 1102.59 724-T75 1038.33 653-674 -39.06

786-841 1091.82 1072.29 -41.18 713-748 1102.59 724-775 1038.33 653-674 -39.06

786-841 1091.82 . 1072.29 -41.18 713-748 1102.59 724-775 1038.33 653-674 -39.06

757-841 1091.82 . 1072.29 -48.93 672-748 1102.59 687-775 1038.33 . 630-674 -41.51

without RES - DR (5 %)

For Malta, none of the measures yielded more
than 15 % difference, mainly due to mild climate.




Analysis of results (ii)- Summary of results (New
buildings)

Hotel 1 (Bernard) Cost Optimal Range Proposed Cost Optimal Benchmark for NEW Hotels
786-841 kWh/m?*a 786-841 kWh/m?a

Hotel 4 (Riviera) Cost Optimal Range  Hotel 2 (Ghajnsielem) Gost Optimal Range
724-775 kWh/m?a _— 730- 789 kWh/m?a
500 ——600_____ 700 : 1000 1100

) )
Hotel 5 (George) jotel 5 (George) Pri_r'ﬁ'ar‘,r Energl Range
Cost Optimal Range for all measures 629-823 kWh/m?
653-674 kWh/m?a - ’
Hotel 1 (Bernard) Primary Energy Range
Hotel 3 (Bayview) for all measures 756-1040 kWh/mfa
Cost Optimal Range =

-

713-748 kWh/m*a Hotel 2 (Ghajnsielem) Primary ;L‘nergyr Range

for all measures 650-989 kWh/m?a

i

.
-

-

Hotel 3 (Bayview) Primary Energy Range
for all measures 672-955 kWh/m?*a

ik

Hotel 4 (Riviera) Primary Energy Range
for all measures 686-1461 kWh/m?a




Analysis of results (ii)- Summary of results
(renovated buildings)

Hotel 4 (Riviera) Cost Optimal Range
721-904 kWh/m’a -

Hotel 5 (George)
Cost Optimal Range
653-807 kWh/m?a

Hotel 3 (Bayview)
Cost Optimal Range
713-825 kWh/m?a

Proposed Cost Optimal Benchmark for RENOVATED Hotels

Hotel 2 (Ghajnsielem) Cost Optimal Range 901-977 kWh/m?*a
829- 909 kWh/m?a Hotel 1 (Bernard) Cost Optimal Range
901-977 kWh/m?a

1100 1300

—

ange
or all measures 629-847 kWh/m?a

- .

Hotel 1 (Bernard) Primary Energy arﬁge
for all measures 756-1057 kWh/mfa

- ’
Hotel 2 (Ghajnsielem) Primary Energy Range
for all measures 650-1000 kWh/m?a

ik
- g

Hotel 3 (Bayview) Primary Energy Range
for all measures 672-968 kWh/m?*a

-

Hotel 4 (Riviera) Primary Energy Range
for all measures 686-1504 kWh/m?a



Analysis of results - identification of measures lying
within the cost-optimal range (new and renovated)

Renovated Hotel 1 (Bernard) with RES Macroeconomic calculation Discount Rate 3%

satd ®
e ."’.:.f..'

Global Cost [€/m2)
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875 500 925 950 975 1,000

- A closer look at the macroeconomic analysis results for new hotels, revealed that the individual points
e L6 Gl o (/) . FimeryEnrey (i) or e e (e . 1AIIING WIthIN the cost optimal range for new hotel reference buildings include particular elemental

Table 1.8 Macsures lfng it thecestptml ange (bl e ne) e 1. features as shown below:
e | e | s me Sy ¢ Wall U-values in the cost optimal range consist of either 2 W/m?K (the reference) or the

_ considered upgrades (1.2 or 0.85 W/m?K). Thus, the cost-optimal range is not sensitive to the
ET— N\ wall U-value measure chosen for these buildings.

Air to water heat

| The cost-optimal range for the different reference buildings contains either the shading factor

pump

et oot ner | 70wt of 1 (as designed) or the 0.5 shading factor upgrade. Thus, the cost-optimal range is not

Air to water heat

sensitive to the shading factor chosen for these buildings It must be however highlighted, that

pumg

e e | P many individual glazed apertures within each simulation already had an initial over-shading
— factor between 0.7 and 0.3 in the as designed scenario.
ot i e | *1 2 It is also noted for all new hotels that domestic hot water (DHW) heating oil boilers (the
——_ reference) do not feature in the cost optimal range. The DHW upgrades considered (i.e. heat
pumps and the heat pump/ solar water heaters (SWH) combination) dominate the cost-
optimal range.
The reference scenario i.e. oil boilers for space heating combined with chillers for cooling do
not feature in the cost-optimal range. High efficiency air-conditioners (VRF) are cost-optimal
as they are the only space heating and cooling measure featuring within the cost-optimal
range.
For all hotels, both measures with and without photovoltaics can be found in the cost-optimal
range. PVs are cost-optimal for all new hotels.

Ref: oil boilers + chillers

ref oil boilers + chillers

Ref- oil boilers + chillers

Ref: oil boilers + chillers

ref: oil boilers + chillers




Cost Optimal: Homes for the Elderly

Proposed Cost Optimal Benchmark for NEW Homes for the Elderly

731-778 kWh/m?

Home 2 (Roseville) Cost Optimal Range Home 1 (Msida) Cost Optimal Range
731-778 kWh/m?/yr

900 1000

Home 2 (Roseville) Primary Energy Range
for all measures 487-705 kWh/m?a Home 1 (Msida) Primary Energy Range

for all measures 699-985 kWh/m?a

Renovated

Proposed Cost Optimal Benchmark for RENOVATED Homes for the Elderly
735-898 kWh/m?*a  Home 1 (Msida) Cost Optimal
Home 2 (Roseville) Cost Optimal Range Range

540-557 kWh/m?a 735-898 kWh/m?/yr
400 500

Home 2 (Roseville) Primary En
for all measures 498-720 kWh/m?a Home 1 (Msida) Primary Energy Range

for all measures 699-996 kWh/m?a

Wall U-value 1.57

W/m-<K

Glazing U-value 4
W/m-<K

Min. Shading of
factor of 0.5 under
certain criteria
High COP of at least
4 for air-
conditioners

At least 5% of total
hot water needs
from solar heating
or heat pump

At least 5%
renewable
electricity




Cost Optimal: Hotels

Hotel 1 (Bernard) Cost Optimal Range
786-841 kWh/m?a

Proposed Cost Optimal Benchmark for NEW Hotels
786-841 kWh/m?a

Hotel 4 (Riviera) Cost Optimal Range Hotel 2 (Ghajnsielem)\Cost Optimal Range
724-775 kWh/m?a —— 730-789 kWh/m?a ",I

500 600 00 1000 1100 1300 1500

—

Hotel 5 (George) /H’c/:tel 5 (George) Prirlmlr'yr Ene
Cost Optimal Range /// for all measures 629-823 kWh/m?a
653-674 kWh/m?a yd a— >
e Hotel 1 (Bernard) Primary Energy Range
Hotel 3 (Bayview) for all measures 756-1040 kWT/m’a
Cost Optimal Range 2 &
713-748 kWh/m?a Hotel 2 (Ghajnsielem) Primary Energy Range
for all measures 650-989 kWh/m?a
Hotel 3 (Bayview) Primary Energy Range
for all measures 672-955 kWh/m?a

Hotel 4 (Riviera) Primary Energy Range
for all measures 686-1461 kWh/m?a

Wall U-value

1.57 W/m-3K
Glazing U-value
4 W/m-3K

Min. Shading of
factor of 0.5
under certain
criteria

High COP of at
least 4 for air-
conditioners

At least 5% of
total hot water
needs from
solar heating or
heat pump

At least 5%
renewable

electricity



Cost Optimal: Restaurants

Proposed Cost Optimal Benchmark for NEW Restaurants 1534-1904 kWh/m?a

New Restaurant 1 New Restaurant 2 New Restaurant 3
cost optimal range cost optimal range cost optimal range
543-571 kWh/m?a 1077-1151 kWh/m?a ' 1534-1904 kWh/m?a

1400 1600 1800 2000 2200 2400 2600

New Restaurant 1 (Mellieha) New Restaurant 2 (Tulip) New Restaurant 3 (Scoglitti)
primary energy range for all  primary energy range for all primary energy range for all
measures 543-698 kWh/m2?a measures 1076-1487 kWh/m?a measures 1534-2496 kWh/m?3a

Renovated

Proposed Cost Optimal Benchmark for Restaurants TO BE RENOVATED 1552-1960 kWh/m?a

Restaurant 1 Restaurant 2 Restaurant 3
cost optimal range cost optimal range cost optimal range
570-612 kWh/m?a 1151-1276 kWh/m?*a 11552-1960 kWh/m?a

00 800 1000,1200 1400 1600 8002000 2200 2400 2600

>

Restaurant 1 (Mellieha) Restaurant 2 (Tulip) Restaurant 3 (Scoglitti)
primary energy range for all  primary energy range for all primary energy range for all
measures 543-709 kWh/m3?a measures 1087-1506 kWh/m?3a measures 1552-2613 kWh/m?a

Wall U-value 1.57
W/m-<K

Glazing U-value 4
W/m-<K

Min. Shading of
factor of 0.5 under
certain criteria

High COP of at least
4 for air-
conditioners

At least 5% of total
hot water needs
from solar heating
or heat pump for
total floor area of
150 m? or more
Allow large windows
but shaded or use
solar films




Cost Optimal: New Schools

Wall U-value 1.57
W/m-<K
Proposed Cost Optimal Benchmark for NEW SCHOOLS G/az/ng U-value 4

School 1[5t Francls) Cost Optimal Range

249295 KWh/m% \n 318-397 kWh/m*a W/m 2/(
School 4 (San A Schoal 2 (5t Benedl Cost Optimal Rapge . .
EEDED;ptILﬂZT Fc’.aT'lth:_:l___ B 283-208 Eu:r_-.fn: ) ComOpma 22 Min. Shading of
241-250 kWh/m®a - s 500 Eﬂ}ﬂ fac.z.or Of 0.' 5 unde/‘
School 5(Taz Zﬂkrﬁ:;l_ ..5;,‘.hﬂﬂ.| 5- 2 Zﬂkr] } Primary Energy Range Ce.rta/n Crlter/a
i:ﬁi‘LﬂfAﬁﬁfe i j‘:rnF'm 368 KWh/ma High COP of at least

School 1 (5t Francls) Primary Energy Range [ p—
School 3 |5Ir LLIGI Preziosl) for all measures 131-[31{! kWh fra 4 for _a/r
conditioners

Cost Optimal Range >

318-397 KWh,/m3 School 2 |5 Elenedlr:ts] Primary Energy Range
for all measures 163-440 kWh /m?a Al" /eas[' 5% Of Z"Ota/
School 3 (Sk Lulgl Preziosl) Primary Energy Range hot water needs
for all I"‘IEEl ires 182-621 kWh,/m?a

from solar heating
or heat pump.
Renewable

electricity of 15%

School 4 (San Anton) Primary Energy Range
for all measures 119-323 kWh,/ma

minimum.



Cost Optimal: renovated Schools

School 1 (St Francis) Cost Optimal Range
261-305 kWh /m'a

Proposed Cost Optimal Benchmark for
RENOVATED SCHOOLS 327-217 kWh/m’a

School 4 (San Anton) Schob] 2 (5t Benedicts) Cost Optimal Range
Cost Optimal Range 283-299%kWh/m’a /

241-324 kWh/m?a 180 J : 600 700
=R |
- -
School 5 [(Taz Zokrija) Schnql__,':?'IT z Zokrija) Primary Energy Range
Cost Optimal Range forall mepsures 168 382 kWh/m’a
305381 kWh/m%a —_— —
School 1 (5t Francis) Primary Energy Range
School 3 (Sir Luigi"ﬁrezinsi] for all measures 1314317 kWh /m®a
Cost Optimal Range . >
327-417 kWh /mta School 2 (5t Benedicts) Primary Energy Range
for all meas1u res 163444 kWh, /m’a
+* I

School 3 [5<r Luigi Preziosi) Primary Energy Range

for all measures 182-630 kWh,/m®a
‘ ~

School 4 (San Anton) Primary Energy Range
for all measures 119-324 kWh/m?*a




Cost Optimal: New Shops

Wall U-value
1.57 W/m-3K

Shop 1 (Zabbar) Cost Optimal Range Proposed Cost Optimal Benchmark for NEW Shops

488-512 kWh/m’a, 775826 kWh/m%a G/az/ng U-value

Shop 3 (Lidl) 4 W/mZ/(
Shop 4 (5liema) Cost Dptimahlange Shop 2 (Domestika) Cost Optimal Range Cost Optimal Range i .
468-493 kWh/m3a —_ . _-"406- 423 kWh/m?a _— 775-826 kWh/m?a Min. Shad/ng of

B _— factor of 0.5
under certain
Shop 1 (Fabbar) Primary Energy Rang

for all measures 473-586 kWh/m?*a Cl’/ter/a

— High COP of at

Shop 4 (Sliema) Primary Energy Rang )
for all measures 463-517 kWh/m?*a /eaSt 4 fOl’ allr—

Shop 2 :Dume:stika] Primary Energ\r:Hange CO/?d/t/OﬂEfS
for all measures 383-603 kWh/m*a Renewab/e

Shop 3 (Lidl) Primary Energy Range e/eCtriCit 0f5%
for all measures 555-938 kWh/m?a M/ﬂ/mum.




Cost Optimal: Renovated Shops

Shop 1 (Zabbar) Cost Optimal Range Proposed Cost Optimal Benchmark for Shops
422-603 kWh/m®a | TO BE RENOVATED, 781-908 kwWh/m®a
I
Shop 4 (5liema) Cost Optimal Rangel Shop 2 (Domestika) Cost Optimal Range Shop 3 (Lidl)
468-592 kWh/m*a ~—___ E,Ffﬂl:IE-ﬂEﬂ kWh/m?*a Cost Optimal Range

300 G0 LU 900 _~"1000 781-908 kWh/m*a

Shop 1 (Zabbar) Primary Engrgy Range
for all measures 409-603 kWh/m®a

Shop 4 (Sliema) Primary Energy Rang
for all measures 460-520 kWh/m?*a

- »*
Shop 2 (Domestika) Primary Energy Range
for all measures 392-613 kWh/m®a

B
-

Shop 3 (Lidl) Primary Energy Range
for all measures 561-945 kWh /m?a




Cost Optimal: Sports Complexes

New

Sports complex 1 (Cospicua) Cost Optimal Range -
607-632 kWh/m’a Proposed Cost Optlmal Benchmark for NEW Sports complexes Wall U-value 1.57
W/m-<K

Sports complex 2 (Gozo) Co 7 _
486, 496 kWh/nia Glazing U-value 4
300 700 800 900 1000 W,/m-<K
o - -
| < Min. Shading of
Sports complex 1 (Cospicua) Primary Energy Range faC['OI" Of 0, 5 undEI‘

for all measures 515-834 kWh/m?a

P .

« , certain criteria

Sports complex 2 (Gozo) Primary Energy Range H/gh COP Ofa[' /east
for all measures 347-612 kWh/m?a 4 fOf ir—

Renovated conditioners

Sports complex 2 (Gozo)  Proposed Cost Optimal Benchmark for Sports complexes o
Cost Optimal Range TO BE RENOVATED 715-730 kWh/m?a A 4 /eaSt 54 Of tOta/
560-573 kWh/m*a Sports Complex 1 (Cospicua) Cost Optimal Range hot water ﬂeeds
715-730 kWh/m? .
L i : ;_ ol heat pump.
Sports Complex 1 (Cospicua) Primary Energy Range Renewab/e

for all me_ﬁ&;urES £19-842 kwh/m*a

il

electricity of 5%

Sports complex 2 (Gozo) Primary Energy Range N7
for all measures 409-612 kWh/m?a mlnlmum-




Cost Optimal: New Offices

Office 1A Cost Optimal Range

Proposed Cost Optimal Benchmark for NEW OFFICES

274-322 kWh/m?a -
Office 2A
Office 1B Optimal Range __Cost Optimal Range
216-229 kWh/m /| —  297-321 kWh/m?a

0

Office 1C
Cost Optimal Range
258-296 kWh/m?a

—_—

200 00— 9 700

N % i
1' < = .lT | N
Office 2B Prim r}fﬁ:rzgy Range
for all measures'397-624 kWh/m?a
> Office 2C
ffice 1A Primary E lergy R ng Cost Optimal Range
for all measures 219-423 kWh/m?s_399-427 kWh/m?a
Office 2B
Cost Optimal Range

411-460 kWh/m?a

Office 1B Primary Energy Range
for all measures 96-258 kWh/m?a

Office 1C Primary Energy RanLe
for all measures 158-318 kWhf/m?a

— >

Office 2A Primary Energy Rahge
for all measures 240-440 kwt'\/mza

Office 2C Primary Energy Range
for all measures 395-519 kWh/m?a

Wall U-value 1.57
Roof 0.4 W/m-<K
Glazing U-value 4
W/m-K

Min.  Shading of
factor of 0.5 under
certain criteria

High COP of at least
4 for air-
conditioners
Renewable

electricit of 5%
minimum for office
with own unshaded
roof




Cost Optimal energy performance requirements
Summary

Renewables not considered to define cost optimal energy performance requirements

Building

Homes for the Elderly
Hotels

Restaurants

Schools

Shops

Sports Complexes
Offices

Cost Optimal Range
kWh/m2.year

New Renovated
731-778 735-898
/86-841 901-977
1534-1904 1552-1960
318-397 327-417
/75-826 /781-908
607-632 715-730
411-460




NZEB Levels

NZEB levels performed with DR3% Macro-economic Analysis with

RES

Renovated Hotel 5 (George) with RES Macroeconomic calculation Discount Rate 3%

1,250
1,200
1,150 ) o
— 1,100 ¢ e . e o . ° .
X 11050 Range of measures Non cost-optimal pOIﬁtS (higher
@ oo | for which incentives LCC, lower gngrgy performance)
8 950 | could be considered ©° oo o
8 900 ;: o O
300 \:/\
o C ®s'e o NZEB level
700 |
625 650 675 700 725 750 775 800 825 850

Primary energy (kWh/m2a)




Nearly zero energy performance requirements
Summary

Renewables considered to define nearly-zero energy performance (NZEB)
requirements

Building NZEB Range kWh/ma2.year

New Renovated
Homes for the Elderly 698 - 749 703 - 791

Hotels 757 - 841 890 - 977
Restaurants 1534 -1904 1552- 1960
Schools 182 - 260 191 - 28]
Shops 556 - 606 561 - 693
Sports Complexes 515 -632 630 - 730




Analysis of results - way forward for defining
minimum enerqy performance requirements

Discussion on proposed required upgrades for
Technical Document F (Minimum Energy
performance requirements) can be found in the
report:

For the building envelope elements (both new
and renovated buildings)

For technical building systems (both new and
renovated buildings)




Conclusion

Updated NZEB overall energy performance requirements need to be
set as statutory energy performance benchmarks and published in
the revised Technical Document F, based on the derived cost-optimal
range stated in this report for each category of building (both new
and renovated), by March 2020.

Elemental building envelope and technical systems requirements in
Technical Document F need also to be updated to reflect the
measures that fall within the cost-optimal range for each building
category (also as highlighted in the discussion section for each
report).

The executive summary of the reports provide the most important
findings.

Additional statutory energy performance requirements emanating
from the latest revision of the EPBD in connection with e.g.
electromobility and building automation (smart bldgs) will also be
included.




Link to 2018 cost-optimal reports

201 8- cost tlmal reports



https://ec.europa.eu/energy/en/content/eu-countries-2018-cost-optimal-reports
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