Activity No. 6.
»The development of the complex solutions with smart elements, the use of renewable resources and the measurement-
based management*

2. ANEW SMALL PUBLIC nZEB
2.1. Building structures

2.1.1 Introduction

This new energy efficient small public building project in progress. The anchor of
the building design is to highlight the nature - surroundings and renewable
resources. Supported by the University of Latvia Foundation and generous partners the
building will proudly exhibit itself and modern smart technologies in The Botanical garden
of the University of Latvia. Important, that the costs for building of this nZEB are outside
of framework of this project.

Zero energy buildings are becoming a common feature in building design; therefore,
the aim of the project is to test integration of renewable resources and to prove potential
of energy efficiency in an environment of challenging architectural design. Why
challenging? Because the building program is divided in three zones located next to each
other, where two of them are rather unusual for almost zero energy buildings. And the
transparency of the building allows to experience this combination for everyone at any
time.

The office space is located in a part of building with minimum amount of daylight
surrounded by load bearing walls made of cross laminated timber and Kingspan
Kooltherm K12 Framing Board. More open is the conference space which is always
visible from the South side because of a glass wall with possibility to open it up
completely. Almost half of the building is embraced by a winter garden - complete glass
construction volume where most of it is directed to the South. Hence this arrangement
provokes every expert and oblige to search for various possibilities to avoid overheating,
forecast every moisture emergence and other imperfections that could seem impossible
at the first gaze.

The envelope of the building is designed to reflect the surrounding environment
which is The Botanical Garden of the University of Latvia and to show solutions that can
be applied to an energy efficient buildings. From one side one can see a complete
reflection of the garden, nature because of the mirrored facade, while continuing journey
around the volume it gradually opens and allows to look through the glass construction
into the indoor space.

By incorporating a vapor barrier and other key moisture management strategies,
solar energy collectors, construction materials with low U-Value (mostly below 0,1
W/m?K) into the building envelope we seem to approve the hypothesis of possibility of half
glazed and half-closed energy efficient building in our part of the World.

The detailed project sketches are given in Annex 2.1.1.
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2.1.2. Energy efficient building structures and materials

ROOF: Because of a new intention to place 10 solar energy collectors on the roof, we
needed to change previous roof layering (see Fig. 2.1.1)
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Fig. 2.1.1. Example of roof structure.

Load bearing construction consists of timber | beams 300 (Fig. 2.1.2). This construction
material allows reliable long span spaces without any extra load bearing columns.
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Fig. 2.1.2. | beam 300 sketsh.

To maintain previous quality of thermal resistance, we chose the factory applied web
insulation that ensures a uniform rectangular cross section. This allows efficient
insulations with the flexible insulation batt STEICOflex (Fig. 2.1.3).
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Pre-Insulated joist - All I-joists are available with a pre insulated web
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Fig. 2.1.3. Thermal insulation of | beam 300.

Upper board is OSB that forms “black ceiling” and a base to next sound and heat
insulation materials that also includes steep forming material: OSB 18mm, Steam
Isolation Self-Adhesive Bauder with Foil Coating sd-1500 (mounted from above and on I-
Beam STEIKO beams), Paroc ROC50 50mm, Bauder PIR (0,22 W/m/K) 200mm, EPS
layer that is cut in a steep 30-100mm, Paroc ROB80 20mm, PROTAN G 1.5mm PVC
hydroisolation membrane for stranded roofs 1,5mm, OPTIGREEN protection and storage
fleece 500, OPTIGREEN drainage and storage board FKD 25 for water storage, roof
cooling, and as drainage. On top of the roof - pebbles.

As an additional design detail - water drainage hid in the Kingspan heat insulation
material: TOPWET roof outlet with an integrated sleeve of a hydro insulation foil based on
PVC, horizontal version, with a protecting basket, could be heated with 230 V, with a
connecting cable (Fig. 2.1.4).
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FLOOR: The stability of the building is ensured by applying floating reinforce concrete
foundation. Above it there are 5 other layers that protects construction materials from
temperature changes and moist: Insulation/Polystyrene (EPS 045) (50mm), cement
screed (65mm), finishing material - vinyl tiles, because of its resistance against dirt,
moisture and mechanical damage. Extruded polystyrene (XPS 040) (250mm) is located
between gravel layer and reinforce concrete foundation. Also this combination of
materials shows very positive U-Value (0,13 W/m?2K).

WINDOWS, ENTRANCE DOORS: are from SMARTWIN manufacturer. Designed g-value
0.3-0.6 and total U-Value below 0.8 W/m?K (Table 2.1.2, Figs. 2.1.5, 2.1.6).

Table 2.1.2. Characteristics of SMARTWIN products are following:

Door (Fig. 2.1.5)

Window (Fig. 2.1.6)

Component id: 1109ds02

Surface material: Timber / Aluminium
Door type: Door system

How to open: Inside

Ub: 0.51 (W/m2K)

Ursiling: 0.326 (W/m2K)

Climate zones: Cold

Component id: 0905ws03
Category: Window System
Material: Timber / Aluminium
Uw: 0.77 W/(m2K)

Efficiency class: phA

Spacer: SWISSPACER Ultimate
Climate zones: Cool, temperate

A

Fig. 2.1.5. SMARTWIN door. Fig. 2.1.6. SMARTWIN window

The roof of the winter garden is designed with heat reflective glass and 8 window frames,
controlled automatically — for ventilation. Addition value to these roof windows are the
solar energy collectors from Bisol installed directly in the window frame (Fig. 2.1.7).
Therefore, it is almost like 3 in 1 — roof catches energy from the sun an when opened it is
directed to the sun rays even more. Bisol pays careful attention to the visual appearance
and offers various designs. We choose the one with vegetation print.
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Fig. 2.1.7 Bisol solar panel for wintergarden roof.

FACADES (Fig. 2.1.8): The design of the building intended ventilated facades from the
begining. From one side it is translucent mirror facade that reflects the Botanical garden
and from sides it is Albond aluminium composite material that also continues indoors.
This material allows to perform intended design, because it is possible to manufacture
long span dimension panels that already are folded in the desired shape. Lower picture
shows facade design scheme from top.
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From energy saving point of view, ventilated facades can reduce the amount of heat
that buildings absorb in hot weather conditions due to partial reflection of solar radiation
by the covering and the ventilated air gap and to the application of insulating material,
thus achieving considerable reduction in the costs of air conditioning. Vice versa, in
winter, ventilated walls manage to retain heat, resulting in savings in terms of heating.
Finally, this building system, thanks to its "chimney effect", set up efficient natural
ventilation, hence the name ventilated facade, notably aiding heat and moisture removal.
In addition, ventilated facades ensures certain level of acoustic absorption, because it
reflects external noise and the air gap reduces its distribution through further layers.

The detailed architectural sketches of described small public nZEB are presented in
Annex 2.1.2.

2.2. Heating, ventilation and air condicening

2.2.1. Functional model for the indoor cilmate and energy simulation

The functional model of the project building was created using the Indoor Cilmate and
Energy simulation programm IDA ICE (manufactured by EQUA Simulation AB, Sweden).
In the programm file was imported the 2D drawing to creat the geometrical 3D model of
the building constructions and rooms (see Fig. 2.2.1, 2.2.2).

Fig. 2.2.1. Building floor plan, 2D.
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Fig. 2.2.2. Building geometrical model, 3D.

For the whole building was defined:
1) climate parameters according to the buildings location and orientation;
2) ground properties for the calculation of the heat transmittance through the floor on the

ground;

3) outdoor air infiltration parameters.
For current project calculation is used the ASHRAE (American Society of Heating and Air-
Conditioning Engineers) hourly climate data for the whole year for the Riga (see Fig.

223, 2.

2.4).

Climate file

IDA Indoor Climate and Energy 4.8 License: ICE40:8888
Climare file

Object:
Description:

Date: 2018-01-01 - 2018-12-31

Saved: 2018.03.13. 16:57:15
Variables
Diry-bulb temp , Deg-C|Rel humidity of air, %e/Direct normal rad, W/m2 Diffuse rad on hor surf, Wm2|Wind speed, x-component, m/'s Wind speed, yv-component, m's/Cloudness, %6
January -0.1 876 413 142 19 13 763
February =30 857 645 319 0.7 04 759
March 13 825 1054 579 06 04 64.1
April 63 60.8 1414 983 03 12 63.0
May 122 65.7 1832 1163 0.8 12 558
June 153 709 176.7 135.0 11 09 63.1
July 172 783 1626 1266 1.7 0.1 622
August 181 166 1438 1038 14 02 644
September 123 77.1 104.0 719 08 08 6.1
October 7.9 837 933 39.0 02 1.9 63.5
November 20 s15 503 186 13 0.1 74.1
December 13 $4.9 366 10.7 0.9 1.0 758
mean 74 787 109.6 68.0 0.8 03 66.9
mean*§760.0 b 63954.0 6891786 959982.0 596012.0 72048 22950 5859000
min 30 65.7 366 10.7 0.8 12 55.8
max 181 376 1832 1350 19 19 763
Fig. 2.2.3. Outdoor average climate data for Riga (source ASHRAE).
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From 2018-01-01 to 2018-12-31
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Fig. 2.2.4. Outdoor hourly climate data for Riga (source ASHRAE).

For each room has defined:
1) outdoor and indoor constructions with corresponding U-values, g-factor (for the
glassed constructions), thermal bridge values, leakege and other parameters (see

Fig. 2.2.5);
=
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Fig. 2.2.5. Room parameters.
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2) indoor climate parameters - the setpoints for the room cooling and heating (see

Picture 6);

3) affiliation to the defined ventilation system and local control solution for the supply
and return air volume - constant or changing air volume by some of criterion: CO,,
temperature, time schedule or other (see Fig. 2.2.6);

m Setpoint collection

Setpoint collection H [local for zone]

<

r Control Setpoints
— |
T [21 | [25 |™c mar Y :
SIporativg heating b | airtemp
Mech supply airflow [0232  |[185 | U(sm2) max
cooling _ :
Mech. retun airflow (0232 |[0.93 | Lts.m2) 0
! itemp_throttle=2.0°C
Relative humidity [30 | [70 | %
Level of CO2 | 700 ] [ 1000 | ppm (vol) The control action of heating and cooling depends on
the controller used in the actual device. Defaults are P
Daylight at workplace | 100 ] I 10000 | Lux control for radiators and PI for most other room units.
. *when both VAV and other means of cooling have
Pressure diff. envelope [-20 | [-10 | Pa been defined, VAV is used first and setpoints of other
room units are offset by 2.0 *C. (Change globally in
System Parameters)
r Variable Setpoints
Min temperature [<value not set> M
Max temperature |<va|ue not set> T‘ »
r Object
Name [local for zone]
Description I

Fig. 2.2.6. Room setpoints for HVAC systems.

4) indoor heat gaines generated by equipement, lights and occupants with defined
presence or working Schedule (see Fig. 2.2.7).
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Fig. 2.2.7. Room schedule for internal gains.

The HVAC (Heating, Ventilation and Air Conditioning) systems is possible to define for
the each room, individual zones or the whole building.

The IDA ICE simulation programm calculations results provides possibility to analyze the
influence of the above-defined parameters and selected building HVAC systems to:

1) the individual room, zone or the whole building cooling and heating demand;

2) energy consumption of the building and the heat balance;

3) systems energy - used and utilized free energy;

4) the generated energy by Solar (PV), Wind power and CHP systems;

5) the auxilary energy used bu Humidification, Fans, Pumps;

6) selected HVAC system types and their energy efficiency parameter influence to the
energy consumption of the building and the possibility to achieve the local thermal
comfort.

The results generated by the program give the possibility to analyze following parameters:

1) Air temperature at floor and ceiling;

2) Fanger’s comfort indices (PMV (Predicted Mean Vote, at occupant 1, %) and PPD
(Predicted Precentage of Dissafisfiet, at occupant 1, %);

3) Air quality — air age (h), CO2 (ppm), relative humidity (%);

4) Daylight level;

5) Directed operative temperatures;

6) Air flow in zone;

7) Airborne heat flow into zone;

8) Surface temperatures;
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9) Surface heat fluxes.
2.2.2. The indoor air climate quality

To design the HVAC systems and provide required indoor climate parameters, the
individual requirements and using mode for the each room are defined (see Table 2.2.1).

Table 2.2.1. Indoor climate requirements and calculation parameters for the HVAC systems (A or B
category according to EN 13779), calculated in Case 3 and Case 4
(in Case 1 and Case 2 — B category temperature for room 2, 4, 8, without temperature setpoints
time schedule).

Air velocity in the
Room air temperature, °C V\{orkmg zo.ne Nominal
Occupant (category) (till 1.8 m high RH, % sound
cup BMS gory above floor) Minimum
s control (category) air preasure
No. Room at — level
. paramet . Minimal Calculat Exchange
working Calculation . (category)
ers parameters m/s ion (category)
days parameters (power)
(energy) paramet
Coolin Coolin er
Coolin Heatin Heatin Heatin dB(A
] g g g g 9 (range) (A)
7, | Hallwa - - . 18 . 18 - - - 0.3 1/ -
y
Cec;ncfeer 50 25 m3/h
2. room 30 T, RH, 25.5 (A) 21 (A) 27 18 0.22 (B) 0.18 (40-60) occ. 35
: CO2 (B) for (B)
(with Jant (B)
plants) prants
Techni
3. cal - - - 18 - 18 - - - 0.31/h -
room
Office
room 36 m3/h 30
4. with 3 T 25.5 (A) 21 (A) 27 18 0.18 (A) 0.15 (A) - occ. A)
kitche (A)
n
5;6. | Toilet - - - 18 - 18 - - - 50 m%h -
7. | Entran - - . 5 27 5 - - - 0.3 1/ -
ce hall
Winter -
garde | (requireme | T, RH, . 50
nwith | ptsfor | CO, . 18 27 15 ] ] @4o-e0) | O3Mh ]
the plants)
periodi
8. c
confer | o T, RH 0.22 50 25 m3h 35
ence conferenc , RH, . . ) m
e e room COo, 26 (B) 20 (B) 27 15 B) 0.18 (B) (2’(53?0) occ.. (B) B)
functio function)
n)

* Entrace hall and Winter garden passive cooling with automatically openable windows according to defined set point (Case
3 and Case 4)
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2.2.3. The heating, ventilation and air conditioning) systems of the building

In order to provide the energy-efficient operation of the HVAC systems, the building is
divided conditionally into the two zones:
- The Office part - room 1, 3, 4, 5, 6, 7, with the ,Office work schedule) 8 hours (8-17)
, 5 working days per week;
- The Conference room (room 2) and the Winter Garden (room 8) part, with the
~Conference work schedule” 6 hours (11-17), 2 working days per week.

Ventilation

To provide the indoor air exchange, the two Air Handling Units (AHU) are predicted:

- PN1 for the Office part;

- PN2 for the Conference room and the Winter Garden part.
System PN1 — the AHU with the plate type heat exchanger with the temperature efectivity
285%, balanced air volume 295 m®h, with possible changing air volume to the Office
(room 4), controled by CO; level.
System PN2 — the AHU with rotor type enthalpy regenerator with the temperature
efectivity 280% and humidity efectivity 280% , balanced air volume up to 1465 m3h, with
possible changing air volume to the Conference room (room 2) and Winter Garden (room
8), controled by CO- level. The AHU PN2 is recommended to choose with the built-in
reversible heat pump, to provide the heating and cooling of the supply air. In this case,
choosing a heat exchanger without moisture recovery, to ensure air dehumidification
during the cooling period due to the planned cooling solution with cold floors and ceilings
(see below).

Heating and Cooling

For the basic heating and passiv cooling of the building the ground heat pump is
predicted with room heating and cooling with warm/cold floors and ceilings, equiped with
the water capillar system.

For the Office part it will be a challenge to provide optimal indoor climate with passive
solutions.

The additional heating and cooling for the Conference room and the Winter Garden part
will be designed with aditional active AC system solutions, like VRF (Variable Refrigerant
Flow).

To prevent the overheating of the Entrance hall and Winter Garden in unoccupied time,
the paasive room cooling with openable windows will be provide.

To ensure the above-mentioned solution for the HVAC systems, dynamic simulations for
different parameters of building structures and systems are realized using IDA ICE
program.
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2.2.4. The IDA ICE simulation results

based management*

Table 2.2.2. Heating and cooling demand (kW) and energy consumption (kWh) per year (area

156.5m?).
(2 Cases: with different g-factor for the glazing)
Parameters Case 1a* Case 2a* Case 3a, 3b* Case 4a, 4b*
Vert.glaz. g=0.35
Vert.glaz. g=0.6 Vert.glaz. g=0.4 Vert.glaz. g=0.35 Horiz.glaz. g=0.1
- . . Entrance hall set
Horiz.glaz. g= 0.6 | Horiz.glaz. g=0.4 Horiz.glaz. g=0.1 ints: +5/-*
Entrance hall set | Entrance hall set Entrance hall set pot . S .
. . . . (heating/cooling)
points: +18/+28 | points: +18/+28 points: +5/- .
(heating/cooling) (heating/cooling) (heating/cooling) Winter garden set
9 9 9 9 9 9 points: +20/-**
Parameter (heating/cooling)
Coolina power 35.32 kW 27.49 kW 21.88 kW 9.83 kW
k%/\? " | (22 kW for Winter | (16 kW for Winter | (15 kW for Winter (- kW for Winter
garden) garden) garden) garden)
Cooling power, 226 W/m2 176 W/m? 140 W/m? 63 W/m2
kW/m2
Cooling a)7233.9 a)2714.3
consumption, [l 2! 836'L:yVh per | 11 634'762:’\”‘ per b) 8 529.8 b) 1 197.2
kWh per year y y kWh per year kWh per year
Cooling
consumption, 140 kWh/mZ2 per 74 KWh/m2 per 2; gg ab))187
kWh peg year/ year year kWh/m2 per year kWh/m2 per year
m
. 17.64 kW 17.64 kW
Heating power, 18.47 kW . .
KW (6.35 KW for Winter garden) (7.8 kW for Winter (7.8 kW for Winter
garden) garden)
Heating power, 5 ) )
KW /m2 118 W/m 113 W/m 113 W/m
Heating a) 27 562.6 a) 26 262.8
consumption, [l 32 716'Se:yVh per | 29 992'3;::’\”‘ per b) 22 319.7 b) 22 136.9
kWh per year y y kWh per year kWh per year
Heating
consumption, 209 kWh/m?2 per 192 kWh/m?Z per s; Hg s; 1‘61:
kWh pe; year/ year year kWh/m?2 per year kWh/m2 per year
m

* energy consumption for cooling and heating calculated without temperature setpoint time
schedule (a) and with temperature setpoint time schedule (b), that's mean: for cooling -
coolling operation mode is off outside working hours for heating — heating operation mode is set on
heating minimum (temperature) outside working hours

** without cooling, only automatically openable windows for defined room cooling set point
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Activity No. 6.

»The development of the complex solutions with smart elements, the use of renewable resources and the measurement-

based management”

Table 2.2.3. Thermal comfort (EN-15251) — Conference room (room 2).

Case 1a (B category set point temp. for room 2)
Vertical glazing g= 0.6, Horizontal glazing g= 0.6
Winter garden set points: +20/+26
(heating/cooling)

Case 2a (B category set point temp. for room 2)
Vertical glazing g= 0.4, Horizontal glazing g= 0.4
Winter garden set points: +20/+26
(heating/cooling)

From 0160101, o 28123

£
£
£
[
5=
184
dan | Feb  Mar  Apr  MWey  Jun | Jul  Aug  Sep  Oc | Mev  Dec
[} 1000 2000 00 2000 000 E000 00 8000
Comior categary Mo. of sccupancy hours
- 454
Nigead) 550
Il {Aceeplabie) 590
IV (Unacceptabie) E

From M801.01. o A8 120
5
_-
£
é nl
£ o
§ 2
£
&
[T
184
Jan_ Feb  Mar  Apr  MWey  Jun  Jd , Aug  Sep  Oct | Mov  Dec
] 1000 2000 1000 00 000 E000 7000 2000
Comiorl category Mo. of occupancy hours
1{EEs1) 509
W igeod) E15
Il jAcceptable) B15
IV (Unacoeptatie) L]

Case 3a (A category set point temp. for room 2)
Vertical glazing g= 0.35, Horizontal glazing g= 0.1
Entrance hall set points: +5/-* (heating/-*)
Winter garden set points: +20/+26
(heating/cooling)

Case 4b (A category set point temp. for room 2)
Vertical glazing g= 0.35, Horizontal glazing g=
0.1
Entrance hall set points: +5/-*(heating/-*)
Winter garden set points: +20/-*

From 2018.01.01. to 2018.12.31.

20+

Operative temperature [°C]

18+

Jan Feb Mar Ape Ma Jun Jul Au Sep Oct Nov . Dec

o 1000 2000 3000 400D  S000 6000 7000 8000

Comfort category Mo. of occupancy hours

1 (best) 343
Il (good) 504
Il {Acceptable) 583
IV (Unacceptable) 41

(heating/-*)
Firom 2018.01.01. to 2018.12.M.
274
204
E 251
g 2
E 4
el
2 21|
T at
& o
1B~
17 1
.JI" F:b IJUI_ A rl-ln' .Iuln JUlr Aug rsw Oet | Hew rDm
] 1000 2000 3000 4000 2000 £000 T000 BOOG
Comifort categony Mo. of accupancy hours
I{best) sz
W {good) 530
W {Accaptabie) 5380
IV (Unacceptable) dd

* without cooling, only automatically openable windows for defined room cooling set point
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Activity No. 6.
»The development of the complex solutions with smart elements, the use of renewable resources and the measurement-
based management”

Table 2.2.4. Fanger’s comfort indices, PPD, PMV — Conference room (room 2) — Case 1a, 2a.

Case 1a (B category set point temperature for room 2)
Vertical glazing g-factor = 0.6, Horizontal glazing g-factor = 0.6

PROARIVA
From 2018.01.01. 0 2018.12.31
: Variables 20+ 204
[PPD, Predicted Percentage of Dussatisfied, % PMV, Predicted Mean Viote, (*10) | .|
Jamuoary 1313 003547 164+ 164
February 1.278 005548 14 14
March 09308 0035 12 12
Apnl 05564 0008506 10+ 1.0
May 06172 0.01102 &+ 081
Junie 0.3215 0.01313 61 067
July 0.6131 0.02041 41 04
August 06119 002022 21 02
Septerber 0.5048 0.004833 o ol I
October 0.7584 001 7% il ;
November 124 005368 oL ooslid ]
December | 1.277 | 005718 PERPPSES I3 RSN L H i
t :negn - 10 E_S - -IJ.III_I I%" Jan  Feb  Mar  Apr  May  Jun , Jul , Aup  Sep  Oct , Nov  Dec
frean8760.0 by "J'_h 9 ! '1:'_6 = 0 1000 2000 3000 4000 5000 8000 7000 8000
R T 03‘1}4‘8 T 0.05547 1 —8—PPD, Predicted Percentage of Dissatisfied, %
max | 1313 | 0.02041 | s-=tee- PMV, Predicted Mean Vote, (*10)

Case 2a (B category set point temperature for room 2)
Vertical glazing g-factor = 0.4, Horizontal glazing g-factor = 0.4

PPOA PV,
From 2018.01.01. to 2018.12.31.
| Vanables | ot
PPD, Predicted Percentage of Dissatisfied, e PMV, Predicted Mean Vets, (* 100 18+ 1
Jamuary 1487 006782 e 1 b
February 144 D.06386 e 1
March 1.122 004722 211
Apnl 0.6681 01885 ot
May 05951 0.003417 ;tj g
June 04983 0.00798 oo
July 05742 0.01554 N e
August 0.577 0.01547 1. )
September 0.5137 -1.83E-4 2l ¥
Oetober 0.859 002574 o i
November 1.366 006052 =l i
December | 1.352 | 006108 M
I ":tfn T DA183 T .?'D"S Jan  Feb  Mar  Apr  Ma; Jun Jul Aug | Sep Oct Nlev Dec
jean8760.0 by gm‘;l ! n_l::;:'\ 0 1000 2000 3000 4000  SO00 €000 7000 8000
::: T l-‘-I-S': T 0 ;'J:I j;.; —&—PPD, Predicted Percentage of Dissatisfied, %

---&-- PMV, Predicted Mean Vote, (*10)

* without cooling, only automatically openable windows for defined room cooling set point

Table 2.2.5. Fanger’s comfort indices, PPD, PMV — Conference room (room 2) — Case 3a, 4b.

Case 3a (A category set point temperature for room 2)
Vert.glaz. g=0.35, Horiz.glaz. g=0.1, Entrance hall set points: +5/-* (heating/cooling)

PROAPNA From 2018.01.01, to 2018.12.31
41 141
Variables | ol g2l
PPD), Predicted Percentage of Dissatisfied, %0 PMV, Predicted Mean Vote, (*10)
January 1153 -0.05586 T
February 1.123 -0.05398 B 0.5
March 1018 -0.04695 el el
April 0.6882 -0.01583
May 0.6734 0.02017 - 04
June 0.6033 0.02285 24 024
July 0.7543 0.03316 o o 1
August 0.7566 0.03335 :
September 0.5748 0.0127 21 021 :
October 0.8369 -0.02178 o) oelidi :
November 1.147 -0.05519 i i i
December 1.016 -0.04917 Bl i A :
mean 08611 -0.01445 Jan . Feb . Mar . Apr _ May . Jun Jul Aug , Sep , Oct  MNov  Dec
mean*8760.0 b 73431 -126.6 0 1000 2000 3000 4000 5000  6OOD 7000 8000
i 0.5748 -0.05586 | —&— PPD, Predicted Percentage of Dissatisfied, %
max 1.153 0.03335 ---¢--- PMV, Predicted Mean Vote, (*10)

Case 4b (A category set point temperature for room 2)
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Activity No. 6.
»The development of the complex solutions with smart elements, the use of renewable resources and the measurement-
based management”

Vert.glaz. g=0.35, Horiz.glaz. g=0.1, Entrance hall set points: +5/-*(heating/cooling)
Winter garden set points: +20/-*(heating/cooling)

FrOATIA From 2018.01.01. to 2018.12.31,
Variables SO-F S0+
IPPD, Predicted Percentage of Dissatisfied, %IPM\', Predicted Mean Vote, (*10)| & 45+
January 1.521 -0.0662 A0 4.0
February 1.546 -0.06601 35+ 35
March 1.333 -0.05678 304 3.0+
Apnl 0.7993 -0.01929 25+ 251
May 0.6791 0.02101 20 204
June 0.6233 0.02493 pipl|
Tuly 0.7989 0.0365 1ol 1ol
August 0.8069 0.03697 el oel
September 0.5854 0.01235 ob ooded ML | |
October 0.9371 -0.02221 : Hhan i
November 1.462 -0.06383 ML § TELEE i
December 1.354 -0.05892 ) el AR TR E !
- A5 5 '
Tean 1.035 -0'0_1814 L Jdan  Feb Mar  Apr  May  Jun | Jul  Aug  Sep  Oct  MNov Dec |
mean®8760.0 b zo'ssj"li ;313269‘ 0 1000 2000 3000 4000 5000 6000 7000 8000
i J_ > — —&—PPD, Predicted Percentage of Dissatisfied, %
max 1.346 0.03697 - PAIV, Predicted Mean Vote, ("10)

* without cooling, only automatically openable windows for defined room cooling set point

Table 2.2.6. Thermal comfort (EN-15251) — Winter garden (room 8).

Case 1a (B category set point temp. for room 8)
Vertical glazing g= 0.6, Horizontal glazing g= 0.6
Winter garden set points: +20/+26
(heating/cooling)

Case 2a (B category set point temp. for room 8)
Vertical glazing g= 0.4, Horizontal glazing g= 0.4
Winter garden set points: +20/+26 (heating/cooling)

From 20160191, o 289230 FromBH801.0. b 280211
F £
= 2
E] 2
£ £
£ z
| 3
g' = - g
161
84
Jan_ Feb , Mar  Apr  May | dn |, Jul , Aug  Sep , Oct , Mov _Dec dan | Feb , Mar g, May |, Jun |, Ju , bug  Sep , Oct  Mov  Dec
-] Lonil 2000 3000 500 500 EDS oo BOGG -] 1000 ZJZED o0 200 000 E0DD TO0 8O0
Camiort categary Ho. of sccupancy hours Camioe categary Ho. ol secupancy hours
| {Epsly 164 | {5y 172
W {geod) Fig W {geod) ]
W (Acoeplable) T I {Acoeplatie) 458
IV Unacceptatie) T IV (Unacceptatie) 165

Case 3a (B category set point temp. for room 8)
Vertical glazing g= 0.35, Horizontal glazing g=
0.1
Entrance hall set points: +5/-* (heating/-*)
Winter garden set points: +20/+26
(heating/cooling)

Case 4b (B category set point temp. for room 8)
Vertical glazing g= 0.35, Horizontal glazing g= 0.1
Entrance hall set points: +5/-*(heating/-*)
Winter garden set points: +20/-*
(heating/-*)
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Activity No. 6.

»The development of the complex solutions with smart elements, the use of renewable resources and the measurement-

based

management®

Operative temperature [*C]

From 2018.01.01. to 2018.12{3

181+
,dan  Feb  Mar  Apr  May . Jun | Jul  Aug  Sep  Oct  MNov De
0 1000 2000 3000 4000  S000 6000 7000 8000
Comfort category Mo. of occupancy hours
| (best) m
Il (good) 230
Il (Acceptable) 32
IV (Unaccaptable) 312

Operative temperature [°C]

From 2018.01.01. to 2018.12.31.

Jan Feb Mar A Ma Jun Jul Au Se Oct Hov Dec
0 1000 2000 3000 4000 5000 6000 7000 8000
Comfort category No. of occupancy hours
| (best) 12
Il (good) ki:]]
Ill {Acceptable) 463
IV (Unacceptable) 161

* without cooling, only automatically openable windows for defined room cooling set point

Table 2.2.7. Fanger’s comfort indices, PPD, PMV — Winter garden (room 8) — Case 1a, 2a.

Case 1a (B category set point temperature for room 2)
Vertical glazing g= 0.6, Horizontal glazing g= 0.6
Winter garden set points: +20/+26 (heating/cooling)

| Vanables |
PED), Predicted Percentage of Dussansfied, e PMV, Predicted Mean Vote, (*10)
January 1.29% 005649
February 1.178 004704
March 08429 001457
Apnl 0ET1 002982
May 2089 008264
June 1.72 Q0777
Faly 1792 0.07268
August 1.557 0.0654
September 07333 002915
Owctober 0E2TS 000166
November 1.257 -0.05252
December | 1.254 -0.0570%
AT | 1.292 001021
Imean®8760.0 b 113140 5947
| mm 10.7333 0.05709
[ max 2.099 0.08264
PPOAPIY,
Frem 2013 0101 to 201812 31.
s+ &t
s+ S
P
01T
20+ 2
104 14
[

] 1000

—&—PPD, Predicted Percentage of Dissatisfied, %
===¢-- PMV, Predicted Mean Vote, (*10)

Case 2a (B category set point temperature for room 2)
Vertical glazing g= 0.4, Horizontal glazing g= 0.4
Winter garden set points: +20/+26 (heating/cooling)
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Activity No. 6.
»The development of the complex solutions with smart elements, the use of renewable resources and the measurement-
based management”

PPOA IV A
From 2018.01.01. to 2018.12.31.
304 3.0+
| Vanables |
_FP'D, Predicted Percentage of Dissatisfied, o_P:\-ﬁ'_ Predicted Mean Vote, I:'lf.'j_ 25+ 254
January 1482 -0.0676
February 1.363 005936 A 24
March 09953 -0.0323 N
April 0.6995 0.01122 =T 15
May 1184 005274
June 1015 0.04523 1o 1
July 1,135 005105 |
Axgust 1,033 0.04564 S
September 0.5988 0.01784 o oo
Oretober 0ET14 001563
Novembes 1389 006087 ol o5
December | 1.369 | 0.06151 | .
mesn 1.095 -0.005709 Jan_ Feb _ Mar _ Apr  May  Jun  Jul _ Aug  Sep Ot MNev , Dee
I = . — . . 1 B . o : -
|mean*8760.0 b 95885 | -30.01 | 0 1000 2000 3000 4000 5000 6000 7000 G0GO
L 1 0.5988 1 -0 0626 . —8&—PPD. Predicted Percentage of Dissatisfied, %
AKX 1.482 0.05274 ===o-= PMV, Predicted Mean Vote, (*10)

* without cooling, only automatically openable windows for defined room cooling set point

Table 2.2.8. Fanger’s comfort indices, PPD, PMV — Winter garden (room 8) — Case 3a, 4b.

Case 3a (B category set point temperature for room 2)
Vertical glazing g= 0.35, Horizontal glazing g= 0.1, Entrance hall set points: +5/-* (heating/-*)
Winter garden set points: +20/+26 (heating/cooling)

Variables
PPD, Predicted Percentage of Dissarisfied, %[PMV, Predicted Mean Vote, (*10)
January 1.484 -0.06835
February 1411 -0.06307
March 1.17 -0.03898
April 1.052 002338
May 2.262 0.09145
June 1.967 007772
July 2.29 0.08947
August 2111 0.08473
September 1.023 0.04282
October 1.14 -0.01007
November 1.47 -0.06681
December 1.339 -0.06099
mean 1.563 0.008913
‘mean*8760.0 h| 136927 78.08
min 1.023 -0.06835
max 2.29 0.09145
PPOA PV A
From 2018.01.01. to 2018.12.31
S5+ S5t
S0+ 504
451 45t
401 4.0
354 354
W+ 3.0
251 254
201 2.0
151 1.5+
10 1.0+
S 0.5+
o oo-enl -
st osHiE ;

L} 1000 2000 3000 4000 S000 6000 7000 2000

—&— PPD, Predicted Percentage of Dissatisfied, %
=== PMV, Predicted Mean Vote, (*10)

Case 4b (B category set point temperature for room 2)
Vertical glazing g= 0.35, Horizontal glazing g= 0.1, Entrance hall set points: +5/-*(heating/-*)
Winter garden set points: +20/-*(heating/-*)
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Activity No. 6.

»The development of the complex solutions with smart elements, the use of renewable resources and the measurement-

based management”

Variables
PPD, Predicted Percentage of Dissatisfied, %PMV, Predicted Mean Vote, (*10)
January 231 -0.08883
February 2.29 -0.08332
March 1.681 -0.05488
Apnl 0.9112 0.009404
May 1.749 0.07288
June 1.53 0.06366
July 2305 0.08551
August 2525 0.08921
September 0.7604 0.02991
October 1.305 -0.02004
November 2283 -0.08544
December 2.189 -0.0808
mean 1.827 -0.004688
mean*8760.0 h 16000.5 -41.07
min 0.7604 -0.08883
max 2.525 0.08921
PPOA PV,
From 2018.01.01. to 2018.12.31.
S0+ S
B4 Bt
704+ 7+
&0 61
s st
404+ 41
o
204 24
w04 14
[uS 5
TS S § i BIEE
pranpral ! H EAS B
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 1000 2000 3000 4000 5000 E000 To00 8000
58— PPD, Predicted P ge of Dissatisfied, %
===¢m=x PMV, Predicted Mean Vote, (*10)

* without cooling, only automatically openable windows for defined room cooling set point

Table 2.2.9. Thermal comfort (EN-15251) — Office room (room 4).

Case 1a (B category set point temp. for room 4)
Vertical glazing g= 0.6, Horizontal glazing g= 0.6
Winter garden set points: +20/+26
(heating/cooling)

Case 2a (B category set point temp. for room 4)
Vertical glazing g= 0.4, Horizontal glazing g= 0.4
Winter garden set points: +20/+26
(heating/cooling)

From 2018.80.00. §s 20181231 From 201801 04. o 2018 12 31
= 2454
-l 240+
_U' oy Y G
= 230
z 21 £ s
g £
=
i. pea E. 220
E | E 21 5=
1+ '1 o boiwdld 230
\.E gt gt U",\.M L T
Pl = 20
g‘ o 195
1t 190+
1851
18+ 1504
Jua Feb Ags Mgy  Jun Jel  Aug  Ssp Do Hew D Fel Mar My Jun Jul & Sen Pz Dac
O oo 20 o0 400 5000 G000 M0 8000 o 1900 2000 MO0 4000 S0 €000 7000 B0%O
Comfort category Mo of occupancy howrs Camfort categary Mo of sccupancy hours
I (nesh a9 I{Eslh 5
0 (Goad) 2202 W {good) Faki]
W {Accoptatie) 2298 I (Acoeptanie) T24T
P (Unaccepdable) & IV (Unacceptabie) 02

Case 3a (A category set point temp. for room 4)
Vertical glazing g= 0.35, Horizontal glazing g=
0.1
Entrance hall set points: +5/-* (heating/-*)

Winter garden set points: +20/+26

Case 4b (A category set point temp. for room 4)
Vertical glazing g= 0.35, Horizontal glazing g= 0.1
Entrance hall set points: +5/-*(heating/-*)
Winter garden set points: +20/-*
(heating/-*)
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Activity No. 6.

»The development of the complex solutions with smart elements, the use of renewable resources and the measurement-

based management”

(heating/cooling)

Operative temperature [*C]

From 2018.01.01. to 2018.13.2
204+
184
184
, Jan  Feb  Mar  Apr  May  Jun | Jul | Aug  Sep Oct  MNov  Ddc
+ T T T T T T T 1
0 1000 2000 3000 4000 5000 6000 7000 8000

Comfort category
I (best)

Il {(good)

Il {Acceptable)

IV (Unacceptable)

Mo. of occupancy hours
1944

2030

2190

159

Operative temperature [*C]

From 2018.01.01. to 2018.12.

&)

mll""mll I
184 .
Jan Feb Mar Apr Way Jun Jul Aug | Sep Oct Now De:
IU IDIDU 20’00 30E|l} 40;}0 S’D;JU SDIDU ?DIUU BUEIG
Comfort category Mo. of occupancy hours
| (best) 1862
Il (good) 2128
Il (Acceptable) 2246
IV (Unacceptable) 103

* without cooling, only automatically openable windows for defined room cooling set point

Table 2.2.10. Fanger’s comfort indices, PPD, PMV — Office room (room 4) — Case 1a, 2a.

Case 1a (B category set point temperature for room 4)

Vertical glazing g= 0.6, Horizontal glazing g= 0.6

Winter garden set points: +20/+26 (heating/cooling)

Varables
PPD, Predicted Percentage of Dhssansfied, %o PMV, Predicted Mean Vete, (* 100
Jamoary | 6.062 [ 02697 |
Febmuary 5.826 -0.2589
March 552 0247
April 4,742 -0.2108
May 3317 -0.1362
June 2341 -0.07131
July 2051 0.02891
August 2073 -0.01081
September 3041 -0.1286
October 4727 -0.2117
November 5.961 -0.2656
December | 5,642 02495
| mean | 4.266 -0.1734
mean*8760.0 b 373715 1519.3
min 2051 0.2687
it 6.062 -0.01081
PRDAPIVA
From 2018.01.01. fo 2018.12.31.
18+ 1.5+
16+ 1.6
144 1.4+
124 124
10+ 1.0+
&1+ 084
et o6
a1 04
21 02
ot oo
21 02
41 0.4+
S 06
ot 08t TRE
dan  Feb , Mar , Apr  Ma Jun_, Jul , Aug , Sep . Oct MNov _ Dec
0 1000 2000 3000 4000 5000 6000 7000 8000

——8— PPD, Predicted Percentage of Dissatisfied, %
---¢-- PMV, Predicted Mean Vote, (*10)

Case 2a (B category set point temperature for room 4)
Vertical glazing g= 0.4, Horizontal glazing g= 0.4
Winter garden set points: +20/+26 (heating/cooling)
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Activity No. 6.

»The development of the complex solutions with smart elements, the use of renewable resources and the measurement-

based management*

| Vanables |
PPD, Predicted Percentage of Dhssatisfied, % PMV, Predicted Mean Vote, (=100
January | 6.065 | 02654 '
February 5.507 -0.2574
March 5.127 -0.2548
Aprnil 5025 -0.2245
May 3736 -0 1645
June 2623 009506
July 2214 .05468
Aungust 2167 00325
September 3.366 -0.1508
Oretober 4966 -0.2255
November 6.055 -0.2691
December | 5602 | -0.2513
| AT 4444 -0.1872
|mean8760.0 b 389324 16395
min I 2167 | -0, 26494
max 6.063 -0.0325
PPOAFIVA
From 2018.01.01. to 20181231
184 1.6
161 1.6
141 1.4
124 124
104+ 1.0+
&+ 0.8
e+ 064
L 0.4
2 024
o+ 0.0
21 024
41 0.4
61 0.6
8 0.8

Jan Feb liar Apr Way Jun Jul Aug Sep Oct Now Dec

T T T T T T T 1
0 1000 2000 3000 4000 5000 6000 7000 £000

—a&—PPD, Predicted Percentage of Dissatisfied, %
=-=o-= PMV, Predicted Mean Vote, (*10)

* without cooling, only automatically openable windows for defined room cooling set point

Table 2.2.11. Fanger’s comfort indices, PPD, PMV — Office room (room 4) — Case 3a, 4b.

Case 3a (A category set point temperature for room 4)

Vertical glazing g= 0.35, Horizontal glazing g= 0.1, Entrance hall set points: +5/-* (heating/-*)

Winter garden set points: +20/+26 (heating/cooling)

Variables
PPD, Predicted Percentage of Dissatisfied, %[PMV, Predicted Mean Vote, (*10)

January 4511 -0.2078
February 4.059 -0.1954
March 4.042 -0.1947
Apnil 3.784 -0.1812
May 3.35 -0.1553
June 2.605 -0.1059
Tuly 2313 -0.06448
August 2301 -0.03323
September 2954 -0.1397
October 3747 -0.1801
November 4.237 -0.2042
December 3.962 -0.1904
mean 3468 | -0.154
mean*8760.0 h 303804 | -1349.0
min 2,301 -0.2078
max 4311 ] -0.03323
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FPOA PV
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From 2018.01.01. to 2018.12.31,

Hov Dec

0 1000

2000

3000

4000

—a— PPD, Predicted Percentage of Dissatisfied, %

<ssg-« PMV, Predicted Mean Vote, (*10)

T
5000

€000 7000 8000

Case 4b (A category set point temperature for room 4)
Vertical glazing g= 0.35, Horizontal glazing g= 0.1, Entrance hall set points: +5/-*(heating/-*)
Winter garden set points: +20/-* (heating/-*)

Variables
PPD, Predicted Percentage of Dissatisfied, % PMV, Predicted Mean Vote, (*10)
January 5.561 -0.2464
February 5.297 -0.235
March 5.148 -0.2302
April 4.768 -0.2145
May 4.002 -0.1786
June 2.805 -0.1002
July 2331 -0.04083
August 2389 0.003525
September 3.376 -0.1506
October 4.653 -0.2117
November 5.423 -0.241
December 5.165 -0.2278
mean 4.236 -0.1722
mean*8760.0 h 37109.7 -1508.5
min 2.331 -0.2464
max 5.561 0.003525
PROA PV A
From 2018.01.01. 10 2018.12.31.
351 3.5
304 3.04
251 25
204 2.0+
15+ 1.5
104 1.04
51 0.5
ol oo -
-5 0.5+ =§
A0 1.0 i 1 E.
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 1000 2000 3000 4000 5000 E000 7000 8000

—=&— PPD, Predicted Parcentage of Dissatisfied, %
===0-= PMV, Predicted Mean Vote, (*10)

* without cooling, only automatically openable windows for defined room cooling set point
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Table 2.2.12. Entrance hall mean air temperature and operative temperature — Case 4b
(without cooling, only automatically openable windows for defined room cooling set point).

Variables
Mean air temperature, Deg-C|Operative temperature, Deg-C

January 575 5837
February 6.016 6.284
March 2878 9178
April 15.46 16.0
May 2271 23.59
June 24,86 2592
July 2538 2636
August 25.04 2582
September 19.1 19.57
October 13.01 13.26
November 7.088 7.178
December | 5.688 5.823
. mean | 14.97 1546

mean*8760.0 h 1311259 135401.6
min | 5.688 5.823
max 25.38 26.36

From 2018.01.01. to 2018.12.31,

i
4 o al
L =

, Jdan  Feb  Mar  Apr  May  Jun  Jul | Aug  Sep  Oct | Hov . Dec | o
ID 1 I}IDIII ZDIEIEI SDIEIEI 4I2Irl2lﬂ E-EIEICI EUEH} ?EIEH} Eﬂi}ﬂ -
—&— Mean air temperature, Deg-C
—&— Qperative temperature, Deg-C
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Table 2.2.13. Winter garden mean air temperature and operative temperature — Case 4b
(without cooling, only automatically openable windows for defined room cooling set point, with
minimum heating temperature set point +15°C (unoccupied time)).

Variables
Mean air temperature, Deg-C|Operative temperature, Deg-C
January | 15.62 15.79
February 15.83 16.24
March 17.29 17.67
Apnl 1992 2051
May 23.38 24.3
June 24 68 25 66
July 25.34 26.27
August 2525 26.03
September 21.96 22.49
October 18.99 1929
November 16.2 16.33
December 15.52 15.77
mean 20.02 2056
mean*$760.0 h 175416 4 1800885

min 15.52 1577
max 2534 2627

A

From 2018.01.01. to 2018.12.3

o
, Jan Feb  Mar _ Apr  May  Jun  Jul  Aug  Sep  Oct  Nov | Dec >
L T T T T T T T T
L] 1000 2000 3000 4000 =000 E000 Tooo &000
—&— Mean air temperature, Deg-C
—sa— Operative temperature, Deg-C
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The Table 2.2.14. shows summary of the results of the thermal comfort category,
received in rooms by different parameters of the:
- room temperature set points;
- glassed building construction g-factor;
- active or passive (with openable windows) cooling system solution.

Table 2.2.14. Summary of the received room thermal comfort category — simulation cases 1a, 2a,

3a, 4b.
Room Conference room (room 2) Winter garden (room 8) Office room (room 4.
Simulation case| Casela | Case2a | Case3a | Casedb | Casela | Case2a | Case3a | Casedb | Casels | Case2a | Case3a | Casedb
Room temperature set point category B B A A B B B B B B A A
Achieved room Comfort category Aand B, % off 540, 64% 58% 59% 42% 6% 39% 45% 56% 54% 63% 63%

occupancy hours
Comfort category A orl {best), h* 464 509 343 352 164 172 111 112 819 645 1944 1862
Comfort category B or Il (good), h* 590 615 504 530 281 354 250 391 2202 2131 2030 2128
Comfort category Corlll {acceptable), h* 590 615 583 580 357 459 312 463 2298 2247 2190 2246
Comfort category D or IV (Unacceptable), h* 34 9 a1 a4 267 165 312 161 51 102 159 103
PPD, Predicted Percentage of Dissatisfied, %, mean 0,85 0,9185 0,8611 1,035 1,292 1,095 1,563 1,827 4,266 4,444 3,468 4,236
PED, Predicted Percentage of Dissatisfied, %, min 0,5048 | 0,4983 | 0,5748 | 0,5854 | 0,7333 | 0,5988 1,023 0,764 2,051 2,167 2,301 2,331
PPD, Predicted Percentage of Dissatisfied, %, max 1,313 1,487 1,153 1,546 2,099 1,482 2,29 2,525 6,062 6,065 4,311 5,561
PPD, Predicted Percentage of Dissatisfied, %, range 0-22 0-22 0-15 | 0-40(55) | 0-18(65) | 0-18(25) | 0-40(55) | 0-80{95) | o0-20 0-20 0-14 0-40
Reference for Thermal state of the body as a whole,
A category (EN 15251) PPD, Predicted Percentage of Dissatisfied, %, <6 % Predicted Mean Vote (PMV) -0,2 <PMV <+0,2
Reference for Thermal state of the body as a whole,
B category (EN 15251) PPD, Predicted Percentage of Dissatisfied, %, <10 % Predicted Mean Vote (PMV) -0,5<PMV <+,5
Reference for Thermal state of the body as a whole,
C category (EN 15251) PPD, Predicted Percentage of Dissatisfied, %, <15 % Predicted Mean Vote (PMV) -0,7 <PMV <+0,7
Reference for Thermal state of the body as a whole,
D category (EN 15251) PPD, Predicted Percentage of Dissatisfied, %, =15 % Predicted Mean Vote (PMV)|  PMV <-0,7; or +0,7<PMV
* number of occupancy hours, defined by schedule

2.2.5. The HVAC equipement for case 3 and case 4

To provide the heat and cold supply, the real equipement was selected, taking into
account such conditions:
- the basic heat supply must be provided with a ground heat pump;
- the power of the ground heat pump is selected according to the heating demand;
the basic cold supply must be provided from the passive cooling with the ground
heat pump;
the additional required cooling is provided with additional active cooling system (like
example, chiller and fancoils), in Case 3; is provided with passive cooling solution for the
Winter garden (room 8) coolling with openable windows due to optimized cooling
requirements (assuming that during the cooling period the Winter garden can be used as
outdoor space as planned in architectural design), in Case 4; aditional heat supply for the
external plant watering system demand: is supported from the solar collectors, in Case 3;
is not provided in this solution with the aim to maximize the use of ground heat pump in
heating mode to ensure as far as possible constant available passive cooling capacity, in
Case 4.
The principial schemes of the heat and cold supply equipement - see Fig. 2.2.8. for
Case 3, see Fig. 2.2.9. for Case 4.
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Floor / ceiling heting and/ or cooling

Solar collectors/
& /// Capillary system +40 (180W/m2)

Heating (only)
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Hot water
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Fig. 2.2.8. The principal scheme of heat and cold supply, Case 3.

Passive
Ceooling
Station

e o —

Hot water Accumulation Ground Ground
with tank for heatpump contour
accumulation heating

tank

Fig. 2.2.9. The principal scheme of heat and cold supply, Case 4.
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To realize the ventilation, heating and cooling of the rooms and to preheat the
ventilation air according to the principal schemes for Case 3 and Case 4, all general
HVAC eguipement units are listed in the Table 2.2.15.

Table 2.2.15. General HVAC equipement for Case 3 and Case 4.

Engineering system Equipement — Case 3 | Equipement — Case 4
PN1 for the Office part - the AHU with the plate type heat exchanger with
Ventilation the temperature efectivity 285%, balanced air volume 295 m3/h, with

possible changing air volume to the Office (room 4), controled by COz: level.

PN2 for the Conference room and the Winter Garden part - the AHU

with rotor type enthalpy regenerator with the temperature efectivity 280%

Ventilation and humidity efectivity 280% , balanced air volume up to 1465 m?3/h, with

possible changing air volume to the Conference room (room 2) and Winter
Garden (room 8), controled by CO: level.

Ventilation air

preheating AHU heating coil (glycol) or Electric heater

Heating, basic Ground heat pump

Warm floors and ceilings

Heating, additional Ground heat pump
(for Winter garden
(room 8)) AHU heating coil or Fancoll

Ground heat pump in passive cooling mode

Cooling, basic Cold floors and ceilings, AHU cooling coil

Cooling, additional Chiller not provided
(for Winter garden
AHU cooling coil or fancaoil Openable windows
(room 8))
Hot water, local
Watering (for Solar collectors / Ground heat Ground heat pump
plants) system, pump
local
Watering (for Solar collectors / Ground heat .
plants) system, oump not provided
local

2.2.6. Conclusion

The simulation results are used to select optimal HVAC system solution and
operating modes by analyzing the achieved quality comfort criteria. To optimize the power
of the HVAC systems for the building and to reduce the total energy consumption of the
building, it is important to choose, like example:

- glazing with reduced g-factor value in order to reduce the cooling capacity of the
building;

- to reduce the energy consumption of the Winter garden - to choose plants with a
maximum wide range of temperature and replacing the active cooling by passive cooling
with intensive ventilation of the room by opening the window in unoccupied hours;

- for the Winter garden in occupied hours - it is necessary to provide active cooling, in
order to avoid restrictions on the use of the premises for different outdoor conditions or
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assuming that during the cooling period the Winter garden can be used only as outdoor
space as planned in architectural design;
- the Entrance hall no need to be mechanically cooled, if there is no safety or other
restrictions on passive cooling with intensive ventilation of the room by opening the
windows.
For the future studies of the functional model, it is possible to realize detailed simulation
and analize to compare the specific heating, ventilation and cooling equipment and
solutions, like example:

- warm floors and ceilings vs. air heating;

- cold floors and ceilings vs. air cooling;

- heating source for ventilation air preheating — ground heat pump vs. electricity.

Indicators to compare the solutions are:
- room operating temperature;
- thermal comfort indicators;
- energy consumption;
- primary energy consumption;
- CO2 emissions;
- economic justification.

2.3 Calculation of energy consumption

2.3.1. The methodology

Calculation of building energy consumption (heating and cooling) was done in
accordance with “Methodology for Calculating the Energy Performance of a Building”
[2.3.1]. This Regulation prescribes the methodology for calculating the energy
performance of a building and is used in drawing up an energy balance at the building
level. It is based on Standard ISO 52016-1:2017 [2.3.2]. The following data is required for
the calculated energy rating: properties of heat transmission and ventilation; heat gains
from internal heat resources, properties of solar heat gain; climatic indicators; physical
description of the used materilas and components, technical systems as well as comfort
requirements (e.g. indoor temperature).

Calculations for buildings made in frame of this project were made using seasonal
calculation method, which is more precise that dynamic calculation (cumulative
inaccuracies due to a small time step are excluded) and are much faster.

As a result of the calculations an building’s energy performance certificate (EPC) or
building’s temporary EPC (for buildings at design or renovation stage before putting it into
service) is issued. EPC template with all needed data is defined in the "Regulations for
the Energy Certification of Buildings" (Cabinet Regulation No. 348, Adopted 25 June
2013, [2.3.3]) — see Fig. 2.3.1.

All the input data and main calculation results are shown in Annex 2.3.1, which is a
printout of the EPC from web-based calculation software HeatMod [2.3.4] used by the
energy auditors in Latvia. Translations of the most important designations are
summarized in Table 2.3.1.
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Ekas energosertifikats

REGISTRACIJAS NUMURS  BIS-EED-1-2019-493

DERIGS LIDZ 29.04 2029
1. Ekas veids viesnicu un restoranu éka
2.1 Adrese Riga, Talivalza iela 1B
3.1 Ekas dala -
4.1 Ekas vai tas dalas (telpu grupas) kadastra apziméjums Q1001150123002
_ ardos i as brivpratigi
5. Ekas energosertificésanas nohiks pardosana [ ], 1ziréSanajiznomasana [ ], brivpratigi[ ],

valstz/pasvaldibas publiska &éka [X]

6. Ekas raksturojums

Pirmreizé&jais ekspluaticiji pieneméanas gads: 1959
Parbives/Listofanas veida mainas/Atjaunosanas gads: 2013

stavu skaits: & virszemes, 1 pazemes, [ | mansards, [ ]jumta stavs
Kopé&ja platiba: 5489 40 m? Aprékina platiba: 5489 40 m?
7. Ekas energoefektivitates novértéums
At Ekas _
y __SB.!.ICES energoefektivitates Ekas energoefektivitates raditaji
vértibas = depm
klase un raditajs
Energijas patérina novértéjums kwWh/m?* gada
Elas veid -
athi = .5';";5 apkurei sg.18
I’H""_. . L e
¥ Ef?:; karstd ddens sagatavosanai 6148
- mehiniskajai ventildcijai 229
100 apgalsmojumam 8.78
Gomdriz mulles C! dzesiSanai 0.00
emergijas ekas
aplures papilda 0.00
radita)s 150 88:
15 Patérm s kopa 160.74
Mo aljauncjamiem energoresursiem &k
200 fot3 vai ieqits
N-.““t_w;-'" Sarazro Val 1egl ENETL]a .00
athilstesa éka Kogenericija sarazotd energija 0.00
- 250 Primaras energijas novert&ums 121.36

kg CO:/m* gada
Oglekla dioksida emisijas novertéjums 40.71
kWh/m® gada

Eka izpilda gandriz nulles energijas ékas prasibas: Jal[ ] NE[X]

8. Ekas energosertifikata izdevéjs

MNeatkarigs eksperts Stanislavs Gendelis
Begistracijas numurs EA3-0018
Datums ? Paraksts ®
Piezimes: ! Fku energoefektivitdtes klase saskand ar kas patérina novértdjumu apkurei.

? Ekas patéring novértdjums apkurei, kWh/m® gada.
? Dokumenta rekvizitus "Datums® un "Paraksts" neaizpilda, ja dokuments sagatavots atbilstodi normativajiem aktiem par
elektronisko dokumentu noformésanu.

Figure 2.3.1. Building’s energy performance certificate according Latvian regulations.

Tab. 2.3.1. Translation of the most important designations from printouts from HeatMod software:

Latvian English
Aprékina platiba Calculated (heated) area
Energijas patérina novertgjums: Estimation of Energy Consumption:
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- apkurei

- for heating

- karsta Gdens sagatavosanai

- for domestic hot water preparation

- mehaniskajai ventilacijai

- for mechanical ventilation

- apgaismojumam

- for lighting

- dzesésSanai

- for cooling

Patéring kopa

Total consumption

No atjaunojamiem energoresursiem €ka
sarazota vai ieglta energija

Energy produced or obtained from renewable
energy in the building

Primaras energijas novértéjums

Primary energy assessment

Oglekla dioksida emisijas novértéjums

Assessment of carbon dioxide emissions

Bavelementu kopéjais laukums un siltuma
zuduma koeficienti

Total area of building elements and heat
transmission coefficients

Bavelementu rezultéjosie siltuma zuduma
koeficienti

Heat transmission coefficients for building
elements

Bavelementu kopégjais laukums

Total area of building elements

Siltuma zuduma koeficienta sadalijums pa
debespusém

Distribution of heat transmission coefficient by
facades

Bavkonstrukciju kopé€jais laukums pa
debespusém

Total area of building structures by facades

Energijas sadalijums pa ieguvumu un zudumu
veidiem

Distribution of energy by types of sources and
losses

Energijas sadalljums pa iek$&jiem avotiem

Distribution of energy by internal sources

Caurspidigie un necaurspidigie elementi

Transparent and opaque elements

2.3.2. Definition of nearly zero energy buildings in Latvia

According the Regulations for Energy Certification of Buildings [2.3.3], building is to be
classified as a nearly zero energy building (nZEB) if it meets all of the following
requirements:
1.the energy performance of the building for heating corresponds to class A
(described later), while ensuring the compliance of the microclimate of the
premises with the requirements of regulatory enactments in the field of
construction and hygiene;
2.total primary energy consumption for heating, domestic hot water (DHW) supply,
mechanical ventilation, cooling and lighting is less than 95 kWh/m? per year;
3. high efficiency systems are used in the building, including at least:
a. provides at least 75% recuperation of ventilation heat losses during heating;
b. at least partly the use of renewable energy.
4.the building does not have low-efficiency heating equipment installed.
At the same time energy performance class A of the buildings is determined by the
heating energy consumption:
e for residential buildings: heating energy consumption <40 kWh/m? per year;
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¢ non-residential buildings: heating energy consumption <45 kWh/m? per year.

2.3.3. Energy consumption for a functional model of small public building

A calculation result of energy consumption for a functional model of small public
building in case of nearly zero-energy building’s (nZEB) requirements are attached in
Annex 2.3.1.

The calculated annual heating energy consumption for this building type is 42
kWh/m?, cooling energy demand during relatively short period is about 6 kWh/m?, lighting
need is about 10 kWh/m?, but the second biggest energy consumption is planned for
ventilation - 16 kWh/m2. The recuperation efficiency of AHU used in this building is
between 80 and 85%, meaning low energy losses with the air. Ground-water heat pump is
planned to use for the heating.

The total annual primary energy need is less than 88 kWh/m? thanks to high
efficiency of used equipment. Compared with nZEB requirements (see p. 2.3.2) it is it can
be concluded that building meets all its requirements.

By analysing visual part of calculation results (pages 13-18 in Annex 2.3.1.), it can
be noted that the major sources of losses are windows/doors due to highest U-values.
However, comparison of the losses and sources (Fig. 2.3.3) shows that the internal heat
gains plays a decisive role in a heat balance. It is important to note, that information about
internal gains is only provisional and the total heating need may change in case when
different indoor temperature will be set or number of occupants of type of used office
equipment differs from planned.

Therefore, it is very important to check all the energy consumptions after long
operating period, as well as record instantaneous sensors readings (temperature, air
humidity, power etc.) for control and optimization.

Transmission Ventilation -

Internal gains  Solar gains Heating need

Figure 2.3.3. Building’s heat balance (in kWh) during heating season
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