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1 INTRODUCTION

Nearly half of all buildings in Europe were builkefore the 1960s /1, p. 16/. At that
time people were focused on very different problefiteey tried to make their cars
faster and houses more comfortable. They did riket tare of energy consumption or
energy performance of things around them. So tivere only few thermal perform-
ance requirements. But later, in seventies, tisé dinergy crisis happened. People real-
ized that having a powerful car with a big enginéooheat a big house with poor insu-
lation is rather expensive. The first requiremeiotsenergy performance appeared.
From that days fossil fuels prices grew a lot andrgy performance requirements

became only higher.

Then some scientists started to speak about clict@@ge and ecological impact
caused by fossil fuel combustion. These two facterergy price and environment,
made people revise their attitude to energy consomprhe result of the revision is
that up-to-date buildings consume 60% less thamlth@nes /1, p.16/. And there are
still low energy buildings whose energy performargenuch higher than energy per-
formance of conventional buildings. These low ewpdygildings were built in many

countries over last thirty years. Further the work be focused on those low energy

buildings.

The phenomenon has been developing for more thayea@fs, as the development
started different concepts appeared like passivesdjosustainable buildings. Now,

according to European legislation — nearly Zerorgyn®uilding (nZEB) is a new aim.

When people started to think about saving energyraaney in building sector, they
paid a lot of attention to residential buildingssBive houses are mainly one- or two-
family detached houses. But Energy PerformanceudfliBgs Directive (EPBD) re-
quires all kinds of buildings to be nZEB. That me#émat not only detached houses are
in focus now, but apartment houses, shopping naallscommercial buildings, office
buildings and so on should be modify. Further | going to concentrate on office

buildings.



2 AIMS

My purpose is to find suitable low energy solutidas the office buildings in north-
western Russia. | am going to discuss methods afedsing energy consumption in
HVAC-systems, especially in ventilation and air ditioning that are in use in nowa-
days nZEBs or low energy buildings in Europe. hkhthat such kind of work is
needed because not every decision working in Eureil work in Russia due to
more severe climate, which limits possibilitiesdefcreasing energy consumption, for

example limitation of heat recovery efficiency iery cold days to prevent frosting-up.

| am going to discuss ways of on-site power pradacin Nothern Climate, there are
several ways of power production on site, but tlegire some special weather con-

ditions. That means that not all of them are silgtabcase of northern climate.

3 METHODS

The aim of the thesis is to find out ways of aindlleng with minimal possible energy
use in climate of northwest region of Russia. Thesis is focused on office buildings.
That is why first method is literature review. Hiig office buildings which were
designed to achieve nZEB concept and describedoksand articles would be stud-
ied to find ways of energy saving in HVAC-systerAiso the information about resi-
dential nZEB buildings or other types of low enelgyldings will be taken into ac-
count, because they are more widespread by nosorse additional solutions could
be found. The examples of literature used in revéegy REHVA Journals and guide-

books.

The second method is analysis of energy savingtisoki found in literature. The
analysis reveals solutions for air treating, whpdssible in cold climate of northwest-

ern part of Russia consume less energy and préétier indoor climate.

The third method is energy consumption simulatiotih WDA ICE software. The aim
of the task is to check that solutions work ancessgheir effectiveness. Indoor cli-

mate is first-priority in my analysis, becausesitsenseless make buildings with high
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energy performance and poor indoor climate. Thélpro arose in earlier low energy

buildings.

The concept of nZEB is a result of EPBD, which Ewopean law, so it is not used in
Russia. EPBD supposes each Member State to ademyeconsumption level and
other requirements for local conditions. This admptobviously was not done for
Russia, so Finnish implementation of EPBD is ubedause likeliness of climates of

southern region of Finland and northwestern regioRussia.

4 EXPLANATION OF NEARLY ZERO ENERGY BUILDING

In this work some concepts will be used, so theseepts should be defined.
“Nearly Zero-Energy Building means a building tihats a very high en-
ergy performance. The nearly zero or very low amaofienergy required
should be covered to a very significant extent tgrgy from renewable
sources, including energy from renewable sourceslymed on-site or

nearby.”/2./

“Energy performance of a building means the catedleor measured
amount of energy needed to meet the energy denssutiated with a
typical use of the building, which includes, intdra, energy used for

heating, cooling, ventilation, hot water and ligigti” /2./

High energy performance of the building means Ioergy demand of the building.
So, the building has to have heat recovery, airggivelope with low U-values and U-
values of windows and doors should be low as wd#o all the HVAC-systems in-
stalled in the building have to have high efficignEurther it is stated in the defini-
tion, that energy should be mostly produced onesiteearby from renewable sources.
So nZEB is like a passive building with energy prctibn, like photovoltaic panels,

heat pumps, windmills or boilers on wood, for exéanp

The definition doesn't include any specific valudgy are to be set by each Member

States. The definition is given in EPBD. The Direetis a law which is made for de-
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creasing energy consumption on a building stockabgse 40 % of energy consump-

tion of EU is caused by building sector, whichiiewing constantly. /2./

First Directive was made on 2002 and came intoefaa 4th January 2003. It was
made to meet the requirements of Kyoto protocok gbal is achieved with legisla-
tion restrictions in Member States, implementatdrbuilding certification schemes,
inspections of heating and air-conditioning systeifise directive changed the ap-
proach to energy performance. The maximum U-valyeraach was replaced with

‘whole building’ approach where HVAC-systems areludled /1, p.16/.

Time goes so the directive was emended repeafEddt.is why on 19th of May 2010
there was a recast of EPBD. In the recast it id, ghat all new buildings should be
nZEB by 2020.

Nearly Zero Energy Building is not the only concepth high energy performance.
What distinguishes nZEB concept is energy calauhatnethod, primary energy is
used in energy consumption calculation. It is usethajority of Member States. /3,
p.6./

“Primary energy means energy from renewable and menewable
sources which has not undergone any conversiorosformation proc-

ess.” 2./

"Energy from renewable sources means energy fronmewable non-
fossil sources, namely wind, solar, aerothermabtiggrmal, hydrother-
mal and ocean energy, hydropower, biomass, largtl, sewage treat-

ment plant gas and biogases.” /2./

Energy taken from the grid and measured from thiding meters is net delivered
energy, not primary energy. Net delivered energyuraergone transformation before
it comes into the building, so primary energy isoammt of energy of burnt fossil fuel
needed to get necessary amount of net deliveredjyenBo calculate primary energy
net delivered energy should be multiplied with @mnenergy factors. Primary energy

factor depends on type of net delivered energy (s#eéther electricity, district heat-
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ing, district cooling etc.) and on country. Eachrveer State has its own primary en-
ergy factor for each type of net delivered energyg, in France primary energy factor
for electricity is 2,58 and in Finland it is 1,7th@r Finnish primary energy factors are

shown in table 1.

TABLE 1. Finnish primary energy factors.

Fossil fuel 1

District heating 0,7
District cooling 0,4
Electricity 1,7
Renewable energy 0,5

Reading literature, concepts resembling Nearly Zemergy Building can be easily
found, like Net Zero Energy Building and Nearly Nitro Energy building. Based on
the directive’s definition, nearly zero energy blinlg is technically defined through
the net zero energy building, which is a buildimgng 0 kWh/(m2 a) primary energy/3,
p.7/. Nearly Net Zero Energy Building corresporasdtional cost optimal energy use

of > 0 kWh/(nf a) primary energy /4,p.7/.

5 IMPLEMENTATION OF ENERGY PERFORMANCE OF BUILDING
DERECTIVE IN FINLAND

Finnish Ministry of the Environment hasn’t develdpgerformance and energy con-
sumption requirements yet. That is why an overva@winnish passive houses and

nZEBs will be given and some value will be chosethe reference one.

Paroc company which is a producer of thermal irtsarlafrom Finland made their
recommendations for energy consumption of passivsés. So, in Nordic countries it
is recommended to use from 20 to 30 kWhamnually for heating and cooling de-
pending on location of the building, and 130 — X¥@h/n? of primary energy. The
recommendations are for residential buildings,>sacty these values can't be use for

office buildings. /5./
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Also Paroc company developed advisable valueshnmial performance of building
envelope elements. They are shown in table 2 bdlowable 2 there are also values of

residential nZEB built in Kuopio provided by VTT &3 values from 2012.

TABLE 2. Required and advisable U-values /5/.

Envelope element Paroc U-value VTT U-values U-value acc. D3
W/(m? K) W/(m? K) W/(m? K)

Exterior wall 0,06-0,10 0,08 0,17

Base floor 0,06-0,1 0,1 0,16

Roof 0,06-0,1 0,07 0,09
Window 0,70-0,90 0,8 1
Fixed window 0,60-0,80 — —
Entrance door 0,40-0,70 0,76 1

Airtightness — 0,4 1/h 21/n

According to Finnish regulation part D3 E-valuetioé office building should be not

more than 170 kWh/frof primary energy.

6 CASE STUDIES IN DIFFERENT COUNTRIES

In the following chapter buildings from central amorthern Europe will be described.
The aim of the chapter is to find out HVAC-systearsd energy sources used in

nZEBs across the Europe.
6.1 France

A good example of low energy building which comather close to net zero energy
building concept is built in Dijon, France. Elithswer emits sixth part of green house

gases compared to conventional building /6, p. 53/.

The tower was designed and built in such a waystavailable natural resources as
much as possible. Building envelope data are gindable 3. Natural lighting is util-

ized a lot, so the building is in an open placavoid shading. 75 % of facade surface
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is glazing. The tower is of a rounded shape. Thigliog itself can be seen at figure 1
below. The shape reduces building envelope suréeca,consequence, heat losses and
sun gains are lower, and infiltration is lower asllwUtilization of sun light poses a

problem of heat gains. The problem is solved withdsng shield. /6, p. 55./

FIGURE 1. Elithis tower, Dijon, France /6, p. 53/.

TABLE 3. Building envelope data /6, p. 54/.

Window U-value 1,1 W/(nf K)
Window g-value 0,4
Exterior wall U-value 0,32 W/(nf K)
Base floor U-value 0,39 W/(nf K)
Roof U-value 0,22 W/(nf K)

In the building mechanical supply and exhaust V&tdn with heat recovery is in-

stalled. The ventilation system can work in thremdes. It can be seen from figure 2.
Operation mode depends on the season. In normaénsjrwhen temperatures are
higher than 0°C, ventilation with limited heat rgeoy is in use to heat supply air up
to 16-18°C. During extremely cold winters with teengture lower than 0 °C and hot
summers with temperature higher than +26°C fullci#ty of heat recovery is used. In
mid-seasons the second ventilation strategy, deecédiple flow ventilation, is used,

which is Elithis’ innovation. There are 32 ventitat openings or air intakes on the

facade on each level, and low-pressure fan in émral atrium. So in mid-seasons
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these air intakes are open, low-pressure fan wamkismechanical supply and exhaust
ventilation is on. This mode provides additionaefrcooling, because air coming
through the openings takes away surplus heat. Ailgt dperation mode of ventilation
is cooling at summer nights, when air intakes grenoand low-pressure atrium fan

works. /6, p.45./

THE TRIPLE FLOW SYSTEM

Low-pression _ lm-f .

fan 1

)

‘ i Natural
I “~7 wventilation
| o control

i
Outdoor air ||

W & . i

TATA SN _WN

FIGURE 2. Triple flow system /6, p. 56/.

Heating demand is mainly covered with internal hgaahs, but if internal heat gains
are not enough, there is “one very low-power woodeb’ /6, p. 56/ and one more

boiler for back-up. Cooling demand is mostly codenath triple flow ventilation, but

if it is not enough adiabatic cooling based on wateaporation is used. For extremely
hot weather with outdoor temperature more than 308& pump is used. Energy per-

formance of the building can be seen from the tdble

Chilled beams are installed in the rooms. Theytamminal devices for heating, cool-
ing and ventilation. As supply nozzle is integrate chilled beam, chilled beam is

of an active type. /6, p. 56./
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TABLE 5. Simulated and measured energy performancef the building after the

first year of operation. All specific values are penet floor area /6, p. 57/.

Design phase Measured
2009
Net delivered| Primary Primary Primary en-
energy use, | energy fac-| energy use,| ergy use,
kKWh/(n? a) tor KWh/(n? a) | kwWh/(n? a)
Space, water and venti-
lation heating, wood 3,7 0,6 2,2 7
boiler
Cooling, electricity to
heat pumps 4,6 2,58 11,9 6,9
Fans 5,7 2,58 14,7 15,7
Pumps 0,4 2,58 1 2,9
Lighting 4,5 2,58 11,6 10,5
Elevators 15 2,58 4,0 4,0
Appliances (plug load) 10,3 2,58 26,6 60
PV power generation -17,8 2,58 -45,9 -44,7
Total 13,2 26,4 62,7

Due to more severe climate, so big share of glazagses great heating demand.
nZEB in Russia shouldn’t have so big share of gigzMixed ventilation can be sen-
sible in Russian climate in summer time. Chillea@rns are very good way of surplus
heat removal. It can be used successfully in Russiaell. It will be discussed thor-

oughly in chapter 7.

6.2 Switzerland

The International Union for Conservation of Nat(ik¢CN) built its new headquarters
in Gland, Switzerland. JIUCN wanted its office to & environmental friendly as pos-
sible, so they use iterdisciplinary design to aohibest performance. The result is the
building complies with Swiss Minergie-P-ECO startlaand occupants can enjoy
comfortable indoor climate with possibility to adfut. The budget of the project was
tight. /7, p. 58./
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As a previous case, passive solar heat gains akea into account but share of glaz-
ing is less, it is 25% of fagade in this projedbisTshare of glazing and outside corri-
dors, that give shading, provides sufficient amaoainbatural lighting and decreases
thermal losses and cooling needs. The photo obdilding is on Figure 3. Properties
of the building envelope are in table 5. In sumsplus solar gains are limited by

means of movable blinds that are closed from bottwtop. /7, p. 59./

. o - e -".'-:_'_‘ e * L . | rimd
i g ; Eeae e N i

FIGURE 3. North-east facade IUCN headquarter /7, (b8/.

TABLE 5. Building envelope data /7, p.64/.

Window U-value 0,7 W/(nf K)
Walls with triple glazing 0,5 0,7 W/(M K)
Exterior wall U-value 0,1 W/(nf K)

The occupation varies a lot, so constant air flemtitation doesn’t make any sense,
variable air flow ventilation in traditional way wtil be rather expensive, so decen-
tralized system was used. Use of individual vemtifasystem provides better comfort
for workers. There is a supply air unit in the flowar to external wall. The unit con-
sists of outdoor air intake, filter, fan, heatirmgting coil. Supply air flow is controlled
according to C@concentration in exhaust air. @@ measured with a sensor installed

in exhaust air damper. Supply air ductworks arenssded in the system. If room is
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not occupied during the day, fresh air and goodqaglity are provided with two

flushes. /7, p. 59./

Heating demand is very low, only ventilation supaly has to be heated. To pre-heat
supply air heat pumps are installed in exhaustsdldiese heat pumps are reversible,
so they can cover small cooling needs. Internatgyare usually bigger than heating
demand of spaces, so cooling is needed. Geothemeat)y from free cooling reser-
voir is used for cooling purposes in the buildiB§% of cooling needs are covered
with free cooling. The rest are produced with teeersible heat pump. So the pump
works for cooling in summer and can be used fotihgasupply air in winter. /7, p.
59./

To deliver necessary thermal power, whether cootindneating, ceiling panels are
used. Panels are depicted on figure 4. These parotlsle exhaust air damper, light-

ning, and hydraulic circuit of pipes. /7, p. 60./

C0zzensor in exhaust Thermal activation
dumper duct through metal
profile only

L (7 T <EF 0 7 i

WMETEIN-+WALTHERT GEH EWA

FIGURE 4. Ceiling panel for heating and cooling, wh integrated extract air
terminal /7, p. 60/.

Very interesting decision was made to use thermattia of ceiling. Nearly 50% of
ceiling was left uncovered to activate ceiling #anes. It helps to reduce peak power
by 35%. /7, p. 60./

To produce some energy on site photovoltaic pamelsused. There are 1 408 of
those panels on the roof of the building. Overpotidt goes to the electric grid. /7, p.

59./ Energy performance of the building can be $emn the table 6.



12
TABLE 6. Simulated energy performance of the buildng. All specific values are

per net floor area /7, p. 62/.

Net delivered Primary Primary
energy use, | energy fac-| energy use,

KWh/(n? a) tor kKWh/(n? a)
Space, water and ventilation heating,
electricity to heat pumps °0 ? 120
Cooling, electricity to heat pumps 6,7 2 13,4
Fans 5,3 2 10,5
Pumps 2,8 2 5,6
Lighting 16,3 2 32,6
Appliances (plug loads) 26,8 2 53,6
PV power generation -30,9 2 -61,8
Total 33 66

External shading is a very efficient way of redgcirooling needs in summer so it
must be used in Russian offices to provide low gneonsumption. Ceiling panels
are alternative for passive chilled beams, activesacan’t be used in this case due to
individual air supply. As in Russian climate ithstter to use centralized ventilation
system, these ceiling panels should be replacddaetive and passive chilled beams.
Variable air volume is a measure to be used in nEE8&8 countries. Free cooling is

strongly recommended to use.

6.3 Holland

One more example of green building is situated aofeldorp, Holland. It is an office
of TNT Group. The aim of the stakeholders was &t CQemission free building,
and design should get more than 1000 points of iDsiistainability certification pro-
gram and be LEED Platinum certified. The philosoplfiyhe architect was not erect
building that saves energy, but the building wrerployees feel themselves comfort.
/8, p. 67./ Photo of the building is on figure 5.

Daylight is utilized as much as possible. Northafde is completely glazed. Solar lou-

vers are used to prevent undesirable heat gaing. 68./
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FIGURE 5. TNT Green Office /9/.

Constructors made heating demand as low as ecoaltynieasonable. The U-values
can be found in table 7 below. As nowadays cooliegds can be rather high, even
higher than heating demand, internal heat gain® wanimized as much possible.
Final energy consumption for cooling is 3,3 kWH/(a) and for heating is 9,8
kWh/(m2 a). Heating and cooling are carried out with lpahps, which means previ-

ous values are electricity consumption. /8, p.69./

TABLE 7. Building envelope data /8, p. 70/.

Window U-value 1,4 W/(nf K)
Window g-value 0,27/033
Base floor U-value 0,24 W/(nf K)

Roof U-value 0,24 W/(nf K)

Ventilation is provided with 4 centralized Air Hdimdy Units (AHU). Outdoor air is
filtered, then heated up or cooled down with ruouaid heat recovery unit, efficiency
of heat recovery can be regulated with three-wdyeveSupply air then treated with
heating/cooling coil Scheme of the system is oarBgs. When possible natural venti-
lation is in use, otherwise mechanical ventilataperates. Heat pumps are used for
cooling and heating purposes. A long term energyage is used, excessive heat of
heat pump working in cooling regime (or vice vemsa;essive cold when heat is pro-

duced) is accumulated in aquifer, and then utilizgaen season changes. /8, p.70./
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In this case rather interesting way of producingrgy on site was chosen. Electricity
and heat are produced with bioCHP. As all heate®gs of this particular building are
satisfied with heat pumps, all the heat producessdo the offices nearby. For peak
demands some green electricity is purchased. Th€H# uses wastes of slaughter
house as a fuel. The electrical efficiency of bidCIs 40%, total fuel efficiency is

86%. /8, p. 71./ Energy performance of the buildiag be found in table 8.

-----

s

FIGURE 6. Ventilation system of TNT Green Office /8 p. 69/.
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TABLE 8. Simulated energy performance of the buildng. All specific values are

per net floor area /8, p. 70/.

Net delivered | Primary energy Primary energy|
energy use, factor use,

KWh/(n? a) kKWh/(n? a)
Space and ventilation heating 9,8 2 19,6
Hot water heating 3,5 2 7,1
Cooling 3,3 2 6.6
Fans 16,8 2 33,7
Pumps 0,7 2 15
Elevators 0,8 2 1,5
Lighting (interior) 211 2 42,2
Lighting (exterior) 0,8 2 1,6
Appliances (plug loads) 19,2 2 38,3
BioCHP electricity genera-
. -73,8 2 -148
tion
BioCHP fuel consumption 184 0,5 92,2
Heating energy exported to
other bg:JiIdinggsy p 0 03 2
Total 137 72

BioCHP could be used in Russia, especially whemukaneous production of electric-

ity is needed.

6.4 Finland

Next example of a nZEB is situated in the city @f$iki. It was completed in 2011.
The Environment Centre building Ymparist6talo ie thest office building in respect

of energy performance in Finland. /10, p. 44./

In this case much better building envelope perforreas needed than in Central Eu-
rope. That is why glazing area is smaller compaoedffice buildings of milder cli-
mates, here share of windows’ area is 23 % of tietghde area. The main facade,

which is faced on south, is done like a double dacand it serves at the same time
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like a solar shield and surface for photovoltaiogia. Exterior of the building can be
studied from the figure 7. The double facade caropened from the bottom. The
double facade has in total 30 ventilation openingsese openings help to reduce
cooling need and are opened manually from recegiwh closed automatically ac-
cording to weather control system. /10, p.45./ Thealues can be found in table 9

below.

e

1-::?‘| ‘
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FIGURE 7. The Environment Centre building Ymparistotalo exterior /10, p.46/.

TABLE 9. Building envelope data /10, p. 45/.

Window U-value 0,8 W/(nf K)
Window g-value 0,3
Exterior wall U-value 0,17 W/(nf K)
Base floor U-value 0,16 W/(nf K)
Roof U-value 0,09 W/(nf K)
Air leakage rate at 50 Pa 0,56 1/h

Heating power is provided with district heating.atlag load consists of ventilation
heating demand, space heating and production ofitvmiestic water. There is a free
cooling with water from 25 boreholes in the builglimhat is enough to cover all the
cooling needs, which are delivered with passive astive chilled beams, for cooling
supply air. There is mechanical supply and exhattst regenerative heat recovery in
the building. Ventilation system consists of threain AHU (with volume flows 2,4,

4,0 and 4,2 fiis) and small AHUs for toilets with heat recovenyavoid additional
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heat losses. Supply air flow equals to exhausli@ai. The scheme of the ventilation

system can be seen on Figure 8. /10, p.45./

Air handling unit

(]

a)

Return

Cooling water from boreholes Room Ié—-
a) controller i Room j
s m— |
_Supply % I @ @ N
N F I

L Thermostat
D

" District heat substation

FIGURE 8. Ventilation system of Centre building Ymgristotalo /10, p.45/.

Every room has a chilled beam. In cellular offioems active chilled beams are used,
open plan office rooms and other rooms have pasgiiled beams. Passive chilled
beams cool down the building during night, whatues peak cooling demand. All
rooms are heated with water radiators. Ventiladanflow is constant in offices and
variable in meeting rooms, lobbies and workshop d&centrolled with C@and tem-
perature sensors). /10, p.49./ Energy performahteedouilding can be seen from the

table 10.
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TABLE 10. Simulated energy performance of the builthg. All specific values are

per net floor area /10, p. 45/.

Net energy Delivered Primary Primary
need, energy, energy fac-| energy use

kWh/(mfa) | kWh/(n’ a) tor kKWh/(n? a)
Space and ventilation
heating 22,6 32,2 0,7 22,6
Hot water heating 4,7 6,1 0,7 4,3
Cooling 10,6 0,3 1,7 0,5
Fans and pumps 9,4 9,4 1,7 16
Lighting 12,5 12,5 1,7 21,3
Appliances (plug loads| 19,3 19,3 1,7 32,7
PV power generation — -7,1 1,7 -12
Total 83 73 85

On-site renewable energy production: PV power giger 7,1 kWh/(mh a) + free

cooling from boreholes 10,6 kWh/fra)

6.5 Sweden

The last example of nZEB comes from northern cleres well. It is a building Haga-

porten Il in Solna, Sweden. It was finished in &hd emits half the amount of con-

ventional office building in Sweden. /11, p. 89/

Natural lighting is utilized as much as possibléha building. Facade of the building

is made of glass and there is a well for daylighthie centre of the building. Windows

have respectively low G — value to make cooling @edhin summer low./11, p. 91./

Properties of the building envelope can be founidiobe 11.
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TABLE 11. Building envelope data /11, p. 89/.

Window U-value 1,4 W/(nf K)
Window g-value 0,4
Exterior wall U-value 0,32 W/(nf K)
Roof U-value 0,13-0,15 W/(MK)
Air tightness 0,5 l/(s nf)

District heating and cooling are used as sourcemnefgy, because their efficiency is
higher compared to local systems. District heatingrovided with wastewater treat-
ment and combustion of wood briquettes. Coolingrggnéo the grid is taken from
Baltic Sea and chillers. /11, p. 90./

Three AHU for offices with volume flow 13 ¥#s each provide sufficient ventilation
for the building. One more AHU with heat recoverithwolume flow 8 n¥/s is used

on kitchen Face velocity in AHUs is as low as 1,&.nThere is a pre-heating coil
connected to chilled beams, so heat removed willedtbeams stays into the build-
ing. Efficiency of the coil is 69%. For further dneatment district cooling or heating
is used. Air flow is constant. All the measures dehieve comparatively low SFP
value 1,4 kW/m. Low face velocity allows not using sound attepmbecause they

are not necessary. /11, p. 91./

Exhaust air from offices flows through garage agpdp air for garage. Exhaust air

from the garage is equipped with run around heaivery. /11, p. 91./

Pressure in the ductwork is kept constant with’famsnd speed. Pressure in ducts is
100 Pa, pressure dampers are not used, needéalnainfrooms is provided only with
air terminal units and chilled beams. /11, p. 8easured energy consumption can be

found in table 12.
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TABLE 12. Simulated and measured energy performancef the building. All

specific values are per net floor area11, p. 92/.

Delivered energy target| Measured delivered en-
(simulated), ergy,
kKWh/(n? a) kKWh/(m? a)
Heating 39 43
Cooling 26 18
Service power (excluding
lighting and tenant power) 20 L
Process cooling — 12
Tenant power — 53
Total 85 143

7 SAVING POSSIBILITIES IN HVAC-SYSTEMS ENERGY CONSUMP TION
IN NORTHWESTERN RUSSIA

7.1 Ventilation

As ventilation is integral part of sustainable cdfibuilding with good indoor climate,
a thorough discussion of its saving potential isdesgl. All the components of the ven-
tilation system should be chosen on criteria o€lQfycle Costs (LCC) instead of first

cost criteria.

On the LCC basis the best decision is to installUAkith low face velocities e.g. 1,5
m/s, velocities in ducts should be kept low as waatld with lower pressure losses of
components. To prevent impact of thermal forcesventilation system, pressure
losses can’t be too small (something like 100 Pagse measures decrease pressure

losses and, as a result, energy demand of veatilatistem.

Nearly 40% of energy is consumed by fans. Thathyg they have to have high effi-
ciency. In general it means that all componentafassembly (impeller, motor, vari-

able frequency drive and so on) should have hidicieficy. There are EC motors



21
(motors powered by direct current) with integratediable frequency drive (VFD)
available on the market. These EC motors shoulddeel where possible, otherwise
AC motors with external VFD should be used. Thesgons let reduce motor speed
when less air flow is needed and can be adjustddthve automation, the adjustment

saves energy. /12, p.26./

Backward curved centrifugal fan without casing he tbest option for installing in
AHU. Despite fan with casing has a little bit higleficiency, inappropriate installa-
tion inside the AHU affects its efficiency signiiatly, that is why option without cas-

ing is preferable. /12, p.23./

Size of the fan is right if its operational poistas close as possible to highest effi-

ciency with the least energy consumption of motor.

As variable air volume (VAV) systems let reduceurok flow and thus save energy
they should be used if occupation varies mucls & good idea to use those in meet-
ing rooms or other spaces, where presence of pab@leges during the time. To
choose the right fan for those systems can bdiaudiftask for designer. When choos-
ing such fan not only the worst conditions (biggaistflow) of operation should be
taken into account but part load with its durateaanwell. The biggest flow is needed
very short period of time in such systems, thatvig/ highest efficiency of the fan
shouldn’t be achieved with the biggest air flowghist efficiency of the fan should
be achieved with the most common air flow. Fan ningstivailable to provide maxi-
mum air flow as well. Also when fan operates atphet load it starts to rumble. This

kind of noise is difficult to silence. /12, p.26./

In VAV systems it is better to choose duct sizes amxording to constant pressure
losses, like it is done traditionally. Sizing fofiaal pressure drop in VAV systems is
preferable. In this method ducts of one size aeel ws each floor, so at the end of the
duct dynamic pressure converts to static. Flexybib changes during operation peri-
ods is better in this case. Total pressure lossesmaller in this case and for air flow

adjustment only terminal units are used. /12, p. 67
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Another important value to take into account iscépefan power (SFP). SFP shows
how much electric power in kW is needed for the dasystem fans to deliver 1%=
of the air through the system. Not long ago usU&aP Salue was rather high 4-10
kwW/(m%s), it had been dramatically going down to 2,0 kW/s) during couple of
years If SFP is low enough it ensures good desigheosystem. This SFP value is
used to prevent installation of too small AHU witlygh energy consumption. Accord-
ing to Finnish regulations SFP shouldn’t be momnt® kW/(ni/s), but it is better to

have lower SFP value, for example, in a range 53¢V/(n7/s).

7.1.1 Centralized mechanical ventilation with heat recovey

In one of four case studies there was not ceng@dlizntilation system with heat re-
covery. It is not reasonable to do such systenNoilic countries because heat recov-
ery unit (HRU) saves at least 50% of thermal eneiggd for air heating and cooling.
There are four common types of heat recovery unitéch are in use now. They are
run around heat exchanger, plate heat exchangerosstthg wheel heat exchanger.

All those types can be seen on figure 9 below.

Exhaust air

Outdoor Extract Outdoor SUp,ply Extract air
air air ai( air

Supply

Exhaust :
air alr

air

Exhaust Extract
L air

Plate Rotation Wheel Run around

FIGURE 9. Different types of heat recovery heat exwangers. /12, p. 44-49/.

The most efficient HRU is rotating wheel heat exaex. It also transfers moisture to
the supply air from the exhaust. There are follgMypes of rotating wheel heat ex-
changers: condensation heat exchanger, hygrostwat exchanger, sorption heat
exchanger. Main difference between them is moisttaesfer method. The first and
second heat exchangers transfer moisture only whadensation occurs in exhaust
air. The third type has special covering whichwafidransferring moisture all the time

with high effectiveness. Also sorption wheel heathemngers are good to use because



23
there is no need to stop HRU or use some speciapmgnt for defrosting of the
HRU, and frost protection decreases total efficyemicHRU and ventilation system in
general. HRU is worth using because it is easyotdrol and regulation of supply air

temperature is simple. /12, p. 41-51./

When there is no possibility to use sorption whessdt exchanger, like in hospitals or
other places where leakages from exhaust to swgyplyot permitted, any other type
of heat exchanger with high effectiveness can lasel.uSo remain total efficiency of

the system high, pre-heating with ground heat exgbaor with ground water can be

utilized.

7.1.2 Pre-heating and pre-cooling with ground heat exchager and ground water

Pre-heating with the ground heat exchanger is @ gdea for preventing freezing of
heat recovery. When frost protection is not neegiedind heat exchanger helps to
save energy for heating of incoming air. In sumnn®e air is cooled down in heat
exchanger, what covers small part of cooling needdipply air /13/. Additional costs
are rather low comparing to saving potential. Winegtded is a pipe for air buried in

the ground and some extra watts of power from dinetd make the air run through the

pipe.

As everything, the ground heat exchanger has s pnd cons. Pros are obvious.
Cons are possibility for moisture condensation aodumulation, it promotes mi-
crobes and bacteria growth, and radon can comethetoentilation system through
the pipe. There are solutions for these problemsab health and comfort of the oc-
cupants are of the highest importance, it is betarse pre-heating and pre-cooling
with ground water or pipes buried in the groundvimch water-glycol mixture is cir-

culating. The choice depends on ground water dvatia

Pre-heating and pre-cooling with a ground watervgmés HRU freezing and covers
some cooling demand without any risks for occupamnis bigger investments needed,

like pumping ground water and digging down to water
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7.2 Cooling

There are different ways to remove surplus hea fitoe room. They are cooling with
supply air, using of active and passive beamsy fleating and cooling, chilled ceil-

ings and thermal active building systems.

Cooling with supply air was used for many years andtill popular. It is not good
from the economical point of view. To remove exoesseat air flows are made big-
ger so ventilation system consumes more energyufaeits can easily feel draft with
enlarged air flow of a lower temperature. This vaedyremoving surplus heat is not

recommended.

Chilled ceiling is pipes with chilled water suspeddetween concrete slabs and ceil-
ing. See figure 10 below. Pipes are not inside @adike in thermal active building
system described below. Typical cooling output BOAZ/nt. It doesn’t consume a lot
of energy, and doesn’t cause any draft. Temperatiuveater can be rather high, so it
is suitable for free cooling. Condensation is palssin this case, so temperature must
be kept above dew-point. Chilled ceiling is slowatdjust. Noise is possible. This is

not the best option to choose. /11, p. 44./

1] Threaded Rod 2] C-Profile Suspension Bracket 3] C-Profile/ Omega C-Profile 4] Chilled Ceiling Tile 5] Flexible Connection Hose
6] Primary Flow Pipework 7] Primary Return Pipework 8] Touch Latch 9] Passive Perimeter Chilled Beam

FIGURE 10. Chilled ceiling /14/.

Thermal active building systems (TABS) are pipadiree ducts embedded into con-
crete slab. The system is shown on figure 11 belodBS don'’t differ greatly from
chilled ceiling but their advantages are decredgeeak cooling/heating demand as
thermal inertia of the building is utilized. Lowdt temperature heating/cooling is
easily done with TABS, so they are working wellwiteat pumps. There are risks of
condensation poor sound performance, pipes carr¢flaced after installation, reac-
tion to changes is very slow. Floor heating andingaare also very slow. Comfort of

occupants can’t be ensured. /11, p. 45./
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FIGURE 11. Picture of Thermal Active Building Systens /15, p. 25/.

The best decision for cooling in nZEB offices ismtmnation of active and passive
chilled beams. In this case quiet and draught-tygeration is guaranteed. Usage of
free cooling and heat pump with high coefficientpefformance is possible. Passive
beams reduce peak loads operating during the ri@gimdensation must be prevented.
/11, p. 46./

7.2.1 Solar shading

Solar gains do not depend much on geographicatitwcaf the building /12, p. 94/.
They are main cause of cooling need in summerhdtsame time, solar gains during
winter reduce heating load, and should be useds@at shading is an important task

for nZEB designers and architects. To reduce gaars screen or sun blinds for win-



26
dows can be used. Sun blinding for windows provitee comfort, because they

could be adjusted according to weather, seasoome@upant’'s wish.

G-value is the main criterion for assessment adrsshading effectiveness. G — value

is a share of thermal energy coming through pandshading.

Solar shading installed on the external side ofdawm has the lowest G — value. But it
has to bear difficult weather conditions, so it cdten be broken, repair or replace-
ment can be expensive. Installation of solar shtadiside the room is almost useless,
because shading is heated up by radiation andttaesfers the heat to the room by
convection and radiation. Installation of shadirgween two panes is somewhere in
the middle, but the most reasonable way is to linstdar shading between one pane
and double glazing. This option gives low U-valoecupant’'s satisfaction and pre-

vent excessive solar gains. /12, p. 98./

7.2.2Free cooling

Free cooling in this case means use of cold waten the ground in different HVAC-
systems. It will be discussed further. Also usemibient air in winter to cool down
water in water chillers systems can be called treeling. As there are no cooling

needs in northern climate, it won’t be discussag.he

The example from Helsinki shows that it is possifolecool down office building in

Nordic climate with free geothermal energy stonedyiound water. Capital costs are
not big for the system, because only boreholesoéssary capacity, piping and pump
are needed. The most expensive part is borehotaube digging of a deep well can
cost a lot, but small operational costs and sapwigntial is great. Water from bore-
hole can be used in pre-cooling of ventilation inisummer and for pre-heating in
winter, in active and passive chilled beams, underfcooling, ceiling cooling or

thermal active building systems.

Free cooling with additional ventilation at niglanchelp to reduce peak loads. It can
be done with natural ventilation or natural veniila assisted by mechanical ventila-

tion. For natural ventilation special openings, toolled by automation should be
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used. Automation should close the openings whempaeeature becomes too low. Use
of passive chilled beams seems to be enough foeasiag peak load. So natural ven-

tilation at night should be used if passive chiltlems are not utilized.

7.2.3 Absorber cooler

Absorber cooler is a cooling device which doesmech electricity for compression,
only thermal heat. Its operation is based on ewmor cycle. There is Lithium-
Bromide water solution which absorbs water, evapugawater causes temperature
decrease, when temperature of the solution is asexd and the solution releases pre-
viously absorbed water. Water pump is needed twigeowater circulation, its elec-

tricity consumption is low comparing to cooling put, so it can be negligible.

This technology allows provide cooling with solaal or excessive heat of mini-CHP
in summer. The second option is a so-called tregaion, which allows increasing

efficiency of the system and reducing £g&neration.

8 ON-SITE ENERGY SOURCES

There are several possible sources of on-site gn&€hgy are heat pump, mini Com-
bined Heat and Power Production Plant (mini-CHBlarsenergy, energy of wind and

district heating and cooling. /11, p. 63./

8.1 Heat pump

Heat pump is a device that transfers thermal enieogy a heat source to heat sink,
but temperature of heat source is lower than teatper of heat sink. The operational
principle of heat pump is compression cycle. To tha cycle electric energy is need-
ed. Efficiency of heat pump is produced thermal @ote electric power ratio, where
thermal power is output of condenser and elecwgy is power consumed by com-
pressor. Efficiency of heat pump is called coedinti of performance (COP) and de-
pends on temperatures of condensation and evaporais outdoor temperature

changes all the time, evaporation temperaturedias thanged as well. So efficiency
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of heat pump changes during its operation. To assesrage efficiency during opera-
tion seasonal COP is used, which is all heat, tearesl in the course of some period

divided with supplied electricity during the sanexipd of time.

Air-to-air heat pump uses ambient air as a heatceoand heats up air in the room.
Air-to-water heat pump uses ambient air as a hmatce and heats up water circulat-
ing in a heating system. As outdoor temperatureesa lot COP of these types of heat
pumps fluctuates in a wide range. Efficiency is Idvwoutside temperature is below

7°C /11, p. 66/. In Russian climate it doesn’t makg sense to use this kind of heat

pump, because in heating period temperatures aseahthe time lower than 7°C.

Ground source heat pump uses energy stored iwrsgibund water and transfers it to
water in heating system. Outdoor temperature affistefficiency, the lower outdoor
temperature, the lower coefficient of performars;eébut temperature of soil or ground
water changes much less and temperature diffeisrsreall during the year. This type
of heat pump works well even with low temperatusssit is suitable for Russian cli-
mate. Seasonal coefficient of performance (seaso@#) or seasonal performance
factor (SPF), which is the same, is somewhere k@itv@eand 3,5, so it produces 3,5
times more thermal energy than consumes electrithis kind of power production

can be recommended for use in sustainable office.

8.2 On-site combustion

Energy can be produced on site with so called wontbined heat and power produc-
tion plants (mini-CHP). Mini-CHP is a system, whéuel is burnt and released energy
of fuel is converted to electric energy and therevargy. Power output of such sys-
tems is in the range from 1 kW to 50 kavid thermal power will be nearly twice as
much. There are several possible technologies tasbd in mini-CHP, like internal

combustion engine, stirling engine, steam or gdsrias, but mainly internal combus-

tion engines are used.

Stirling engines are used in small cases, as tteegnare suitable for one family house
or other buildings with low electric power dema#fidirling engine is an external com-

bustion engine, in with volume gain of gas or lajwith temperature is used for pis-
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ton movement. To run the engine any kind of heat@®is possible to use and any
heat sink is needed. Engines of this type were kniovmtheory as many internal com-
bustion engines, but they have started to be usegbaratively recently. Existing ex-
amples must be developed a lot, because theirezflg is far from desirable now.

Potential of technology is great, because any &irttkat can be used.

Mini-CHP is a good option if constant generationetdctricity and heat needed, be-
cause it should operate sufficient hours to be efisttive and have acceptable pay-
back time /16/. A possibility to use renewable fiel, e.g. wastes of stutter house,
makes this option attractive from ecological pahview. Mini-CHP combined with

absorber cooler has better annual efficiency, mcancessive heat from CHP would
be used for cooling spaces. As mini-CHP is instiathe site, so many transmission
losses, which can be very high, but efficiencytagilower than efficiency of bigger

scale plants. This option is attractive when godreection is not done.

8.3 Solar energy

Nowadays solar energy is used for short —term deaimulation and electricity pro-
duction. Heat accumulation is done with water ¢reoffluid going through the pipes.
Temperature of the fluid increases. Accumulatedntia¢ energy is used for domestic
hot water (DHW) production, and space heating. Adbsorber cooler can run with

solar heat.

Most common way to get electricity from solar eryerg photovoltaic (PV) panels.
Now there are possibilities of using solar energyagheat source for stirling engine
For electricity production. It is difficult to sayhether it will work well or not, bu this

concept is being developed now.

Solar power production in Russia doesn’'t seem tefbeient enough, due to big in-
vestment costs of solar panels, low price for elgtt (comparing to Europe) and
comparatively low amount of sunny days in the regiiscussed. But as prices are
more about policy of government, so it is a good waproduce energy without harm-
ing the environment. Some discounts or tax remissghould be used by government

to promote it.
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8.4 Wind energy

Windmills allow transform kinetic energy of the wiirto electricity. This system is
rather common in Germany or Holland, and big wirdver station are done in re-

gions where strong wind is often.

High investment costs, great fluctuation of eletyi production and long payback
period make wind generators not attractive to lmgcdowner in Russia or even Fin-

land.

8.5 District heating and cooling

District heating doesn’t require any investmenttedsom the customer if the system
has already been built. It is reliable, doesn’turegany maintenance costs and effi-
ciency of the system is high. To provide all thesavenience great amount of work
should be done. District heating needs develop&dsinucture, so this kind of sys-
tems is not always available. If heating demaridws share of fixed fee becomes too
high and district heating becomes expensive forctiomer. To sum it up, district
heating and cooling is suitable for low energy @uidjs in general and offices in par-

ticular, it can be used if available and econonlyaaasonable.

8.6 Summary

At first site ground source heat pump, districttirepand mini-CHP are left for cli-
mate in question. If primary energy factor is taketo account, then to deliver same
amount of energy for space heating less primaryggneill be consumed with ground
source heat pump than with district heating. liri® for Finnish primary energy fac-
tors, it a question of policy again. So if primanyergy factors are changed the situa-
tion can be vice versa. On one hand, efficiencgnofi-CHP varies a lot from manu-
facturer, it is impossible to choose any particraue, but efficiency of district heat-
ing is higher. On the other hand mini-CHP lets reseewable fuel, what is very im-
portant is nZEBs, when fuel for district heatingn'tde chosen by customer. So heat

pump is a preferable option for office building Russia, where electricity price is
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lower than in Finland. If heat pump can’t be used ome reason, mini-CHP with

renewable fuel is better in that case.

There is a problem. Electricity in NorthwesterntgdrRussia and in Finland is mainly
produced on Combined Heat and Power (CHP) produgtiants. The co-generation
is a key-factor for the plant’s high efficiency. Beverybody will change district heat-
ing for heat pump, then efficiency of the systerti e low. If electricity is produced

on hydroelectric power plant, then heat pump igelbebut when electricity is pro-

duced on CHP, district heating must be used in dmuidings.

As wind and solar power generation units are expenpayback period is likely to be
very long, but this kind of systems can be utilizedprovide renewable energy use,
which is necessary due to nZEB definition. But ase of solar and wind energy pro-
duction its usefulness is a question of tariff ppliEnvironmental-friendly ways of
energy production are still require additional istveents. The lower the prices for
energy from the grid, the longer pay back peribd,less people use those. Not energy
prices should grow but special governmental padisyuld be used to promote harm-

less ways of energy production.

9 BUILDING SIMULATION

To check that nZEB building is possible in Russirgy consumption simulations
were done with IDA ICE 4.0 software. Two storeysilding located in Saint-
Petersburg was simulated with different U-valueblé 13) and HVAC-systems effi-
ciencies (table 14). In this case both U-values eiffidiencies are just estimations,
done basing on average values and cases studied) dhis work. Exterior of the
building is shown on figure 12. Cases with and wauthsolar shading were done. The
results of simulations are given in table 15 and Hi@nish primary energy factors
were used in primary energy calculation, valuestli@m can be found in chapter 5
table 1.



FIGURE 12. 3D view of simulated building.

For energy calculation ASHRAE climate data was usegilable in IDA ICE 4,0
software. Floor area of the model is 350,9 molume is 888,4 f ground area is

177,4 3, area of envelope is 647,0°nshare of glazing is 9,7%. Occupants are pre-

sent from 7 a.m. to 6 p.m.

TABLE 13. Building envelope properties.

Envelope element 1 case 2 case
Exterior wall,
0,09 0,08
W/(m? K)
Base floor, W/(m K) 0,19 0,07
Roof, W/(nf K) 0,09 0,08
Window, W/(nf K) 1/0,55 0,6/0,2
Solar shading (U-value muj-
o 0,87/0,39 0,87/0,39
tiplier/g-value)
Entrance door, W/(fK) 0,75 0,70
Air tightness(go),
93 (@o) A )
m*/(h nt)
Average U-value, W/(fmK) 0,23 0,17
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TABLE 14. HVAC-systems performance.

Initial Improved
Heating COP 3,1 3,5
Cooling COP 6 (free cooling) 7 (free cooling)
DHW COP 2,3 2,6
HRU efficiency/ temp.
o 60%/1°C 90%/-26°C
limit
Pressure 600 Pa 100 Pa

TABLE 15. Results of simulation.

Primary energy, kWh/fm
U-value case 1 U-value case 2

Building in question in St.t

. 151,0 142,7
Petersburg climate
Solar shading between

149,7 140,7

panes added
HRU improved — 129,1
Pressure improved — 112,5
Heat pum erformange
_ PHmP P — 108,7
improved

TABLE 16. Simulated energy use.

Delivered energy Primary energy
kWh kWh/m? kWh kWh/m?
Lighting, facility 7854 22.4 13352 38.1
- Equipment, facility 7854 22.4 13352 38.1
- Cooling 411 1.2 699 2.0
HVAC aux 1134 3.2 1928 5.5
- Heating 4153 11.8 7060 20.1
[ Domestic hot water 1037 3.0 1763 5.0
Total, Facility electric 22443 64.0 38154 108.7
Total 22443 64.0 38154 108.7

From the results it is clear, that cooling nee®ussian climate is rather low, unlike in

Central Europe. Architects and designers meet réiftechallenges. Also, share of
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lighting and occupants’ equipment in energy condionpbecomes significant. HRU
and pressure losses in ventilation system had ifpgest effects on energy perfor-

mance of studied building. So these two shoulddsecta lot.

Primary energy consumption is rather high in tlase; because share of lighting and
equipment is significant. But heating demand is lowhese case, and if lighting and
equipment were changed to better one, than thelibgilwould achieve nZEB re-

guirements.

To sum up, it seems to be possible to make nZEBussia, but they will consume
more energy than in countries with softer climdieat is why use of renewable source
in a scale of whole country should be developege@slly taking into account availa-

bility of hydroelectric resources.

10CONCLUSION

First of all, construction of nearly Zero EnergyilBing in northwestern climate is
possible. To make a nZEB office in northwestern paRussia, airtight envelope with

low U-values of building envelope elements is neledeprovide low heating demand.

Ventilation with heat recovery unit has to be us®drption wheel heat recovery unit
is the best option due to its high efficiency arabfing free operation, if it is not pos-
sible other heat recovery unit with high efficieranyd pre-heating with ground water
should be used. Air handling unit with SFP = 1,8,5 should be used to ensure low
pressure losses and low energy consumption in failennFan size should be chosen
correctly, Variable air volume systems should bedusn rooms with non-constant

occupation when possible. Final pressure drop dine¢nsioning should be used.

To provide good indoor climate in summer, free oaplwith cold ground water
should be used. Much attention should be paid ¢ar shading to prevent additional
cooling load. Combination of active and passivdlethibeams should be used for

providing low energy consumption and occupants’ fmohat the same time.
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Question of energy to be used is rather difficdtduse tariff policy of government
plays an important role here. Nowadays heat purapsdo be the cheapest option as
price for electricity is rather low in Russia anthlend. Energy for space heating
should be taken from ground source heat pump wiossilgle; otherwise mini-CHP
with renewable fuel should be used. Heat pump ligis éfficiency and geothermal
energy used in heat pump is renewable. Use of r@plevenergy is compulsory condi-

tion in nZEB concept.
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