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background

monitoring — principles and challenges
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decreasing availability of measured data
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background

the net-zero balance

kWh/m?2yr renewable energy
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kWh/m?2yr fossil energy
key questions:

B what is necessary to achieve a net-zero energy balance in cold climates?
B how big is the user influence on a “zero balance”
B how is the indoor comfort in heating and cooling season?
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the buildings — Stow, MA

floor area (conditioned ANSI z765-2003), floors: 4 2964 ft? 275 m?
building envelope R [ft?-°F-h/Btu] U [W/m3K]
" insulation exterior walls to ambient R65 0.09
= insulation exterior walls to ground R25 0.23
= insulation roof R63 0.09
= windows (triple glazed) R5.1 1.11
calculated demand for space heating 12 kBtu/ft?yr 37.8 kWh/m?yr
ventilation HRV, NMyry=60%
PV generator 6.3 kW,
HERS index 9

[
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the buildings — Townsend, MA

floor Area (conditioned ANsI z765-2003), floors: 2 1835 ft? 170 m?
building envelope R [ft?-°F-h/Btu] U [W/m3K]

" insulation exterior walls to ambient R47 0.12

= insulation exterior walls to ground R24 0.23

= insulation roof R63 0.09

= windows (double pane) R4.8 1.2

calculated demand for space heating 19.2 kBtu/ft2yr 60.8 kWh/m?yr
ventilation HRV, NMyry=60%

PV generator 7.14 kW,

HERS index 2
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the buildings - location
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All of Alaska in Zone 7
except for the following
Boroughs in Zone 8:

Bethel Northwest Arctic
Dellingham Southeast Fairbanks
Fairbanks N. Star Wade Hampton
Nome Yukon-Koyukuk
North Slope

Zone 1 includes
Hawaii, Guam,
Puerto Rico,

and the Virgin Islands
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ambient conditions and instrumentation

M solar radiation kWh/m?
50

40 |
|

30

0 m
10 | i Ii'T T]datagap

TTI

OII\I\\I\II\\I\I\IIlIl\lIl\ IJ-\IT\\I\

28 32 36 40 44 48 | 7

11 15 19

2010 l

2011

instrumentation:

-=-gverage temperature °C
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Location: 42°N, 71°W

Ambient temperature and
humidity are measured on
site.

heating period:

HDD 65 (10/2010 — 04/2011)
3,314 (°C)

5,965 (°F)

ASHRAE 90.1 for Boston: 5,641

= multi-channel power meter, each breaker-circuit is measured
* temporary decentral temperature, relative humidity and CO, loggers
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energy balance — net zero goal achieved?

NZH in Stow — end energy consumption

kWh/m? misc. minisplit
6.0 WPV 21% 50%
B minisplit
>0 HRV
4.0 m fridge
® basement HRV
3.0 4%
B DHW
2.0 misc. basement
12%
1.0
fridge
0.0 6%  DHW
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May 8%

= electric energy for space heating (Oct — Mar): 14.1 kWh/m?yr, 4.4 kBtu/ft?yr

= energy consumption for space heating is dominating load

= DHW is , hidden in different circuits (direct resistance heater, heat pump plugged in
basement and laundry outlet)

= energy consumption excluding heating/cooling/DHW/fridge is approx. 3500kWHh,
national average (Northeast): 6793 kWh (source: DOE, Buildings Energy Data Book 2010)
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energy balance — net zero goal achieved?

NZH in Townsend — end energy consumption

kWh/m? PV gas minisplit 1st
6.0 B minisplit 1st floor 20% floor
. 51%
50 B minisplit 2nd floor
HRV
4.0 fridge
30 misc.
misc.
2.0 18%
1.0 HRV
2% minisplit
0.0 I I I I \ | fridge /" 2nd floor
Nov Dec Jan Feb Mar Apr May 15% 2%

electric energy for space heating (Oct — Mar): 12.6 kWh/m?yr, 4.0 kBtu/ft2yr
seperate outdoor units for ductless splits — but mainly only one unit is used
HRV is manually switched on and off by users

hill/trees south-west of the building shade PV during winter

DHW by gas boiler, consumption Oct 2010 — May 2011 = 870 kWh
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energy and comfort — summer

NZH in Stow — daily and weekly pattern

o
o smoke det.
1600 i,
1200 o
. Y \ m fridge
. , ' L4 . W minisplit
. | m DHW

00:00 06:00 12:00 18:00

consumption / generation [kWh]

1400 [ misc.
1299 1 smoke detector, radon fan
1000
[ HRV
800 I
600 O Basement outlets

W Refrigerator
B Minisplit
B Hot Water

400 —
0

consumption generation

" In summer, the energy
consumption is rather dominated

by DHW.

= “Base load” of 300-400 W during

night.

= PV generation doubles the power

consumption.

circuit | average kWh/d

minisplit
DHW
fridge
basement
HRV

misc.
total

3.8
3.7
1.4
1.4
1.0
3.6
14.8
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energy and comfort — summer

NZH in Stow — indoor thermal comfort
relative humidity [%]

100 o ,
_ do10 = Temperature and humidity are in
20 e , o . .
the limits defined in ASHRAE 55
60 most of the time. If not, it’s rather
40 too humid than too warm.
20 _
0 indoor temperature [°C]
18 20 22 24 26 28 30
°C —1stfloor —2ndfloor —attic . .
= No destinctive temperature
outdoor temperature . pe . .
20 stratification over the 3 stories.
2 WW
20 \/
15
10 [ [ [ [ I
08/26 08/28 08/30 09/01 09/03
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energy and comfort — summer

NZH in Stow — indoor thermal comfort

relative humidity [%] + minisplit off
100

clo 1.0 = minispliton = Temperature and humidity are in
80 -

the limits defined in ASHRAE 55
most of the time. If not, it’s rather
too humid than too warm.

60
40

20

mdoor tem perature [ C]

0 [ I I I
18 20 22 24 26 28 30

°Cc —1stfloor —2ndfloor —attic ACon

35 —
outdoor temperature

T~ = No destinctive temperature
stratification over the 3 stories.

30
25 % > Qﬁ% N :

W = ACis mostly used, when
20

temperatures don‘t drop under

15 N B B 20°C (68°F) over night.
10 [ [ [ I l
08/26 08/28 08/30 09/01 09/03
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energy and comfort — summer

NZH in Stow — indoor air quality

CO, concentration [ppm] living room
2400

2000

1600

1200

800

400

o  relatvehlimidity[%] = Reason is fault in ventilation unit.
0 10 20 30 40 50 60 70 80 90 100

CO, concentration [ppm] master bedroom
2400

2000
1600
1200
800
400
+ * relative humidity [%]

OI I [ I [ I I I I I |

0 10 20 30 40 50 60 70 80 S0 100

= ASHARE 62.1 limits (CO, 700ppm
}' over outdoor conditions) exceeded
significantly, especially in the
master bedroom.
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energy and comfort — winter

malfunction in ventilation unit controls

FRESH AIR STALE AIR

FROM DUTSIDE@ ' FROM INSIDE

FILTERS
RECIRCULATING _Jie—4 /| —
HIES 1 .

DEFROST
DAMPER
: L BLOWERS
CORE—_ '} /
STALE AIR ]:D FRESH AIR
TO OUTSIDE TO INSIDE

= Damper that seals fresh air inlet and opens bypass to re-circulate the air was
constantly in “frost protection” mode.

= error is remedied

= but internal leakages are likely.
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energy and comfort — winter

NZH in Stow — daily and weekly pattern
power [W]

2400 misc.
2000 living room
1600 fridge
1200 L s HRY
800 m smoke det.
400 M basement
0 T
00:00  06:00  12:00  18:00 = minisplit
consumption / generation [kWh] _
3000 O misc.
2500 [ Living Room
2000 M Refrigerator
1500 HRV
1000 - Wsmoke det., radon fan
500 B Basementoutlets
0 B Minisplit
consumption generation

= Average load pattern during
heating season (Dec 2010, Jan, Feb

2011).

= Space heating is dominating load.

= During winter time PV covers only a
third of the energy consumption.

circuit | average kWh/d

minisplit
basement outlet
smoke det.

HRV

fridge

misc.

total

30.3
4.6
1.5
1.3
1.2
4.5

43.4
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energy and comfort — winter

NZH in Stow — daily and weekly pattern
power [W]

2400 misc. = Average load pattern during
2000 living room heating season (Dec 2010, Jan, Feb
1600 fridge 2011).
1200 = HRV
800 wsmokedet. ™ Water heating is switched to a heat

400 o basement pump, which was plugge(.:i in the

0 o “basement outlets” circuit,

B minisplit .
00:00 06:00 12:00 18:00 controlled by a timer.

24:00
22:00
20:00
18:00
16:00
14:00
12:00
10:00
8:00 =

6:00 &

4:00 Ex

2:00

0:00

11/01 12/01 01/01 02/01 03/01 04/01

(W]

1200
1000
800
600
400
200
0
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energy and comfort — winter

ASHRAE 55 - NZH in Stow

relative humidity [%] living room
100
80
60 R
N
E M clo0.5
40 .
\
20 e\
0 mdoor temperature [°C]
[ I I I |
18 20 22 24 26 28 30
relative humidity [%] master bedroom
100
80
60 R
N
" \ clo0.5
40 \
\
20 S Y
0 mdoor temperature [ C]
18 20 22 24 26 28 30

= Measurement period:
01/25-04/10/2011

® Indoor thermal comfort most of
the time within good comfort
conditions (assuming clothing rate
clo 1.0)
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energy and comfort — winter

Stow

indoor temperature, living room [°C]
24
23
22
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20
19
18
17
16 T T T T T T T

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00

indoor temperature, living room [°C]
24

23
22 * *

" |ndoor temperature very stable.

= Fluctuations typically not more
than 2K over a day

¢ mode

A median

*

21 o o o o+ 3
Tee & .

e

18

17

16 [ [ [ [ [ [ [ [ |

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
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energy and comfort — winter

Stow

indoor temperature [°C] A 11PM-6AM  + 7AM-10PM
24
23
22
21
20
19
18
17
16

-15 -10 -5 0 5 10 15 20 25 30

indoor temperature, living room [°C]
24
23
22 * >,
2 " R
2 7

18
17
16 [ I I I I I I I |

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00

" |ndoor temperature very stable.

= Fluctuations typically not more
than 2K over a day

. outdoor temperature [°C]
I I I I I |

¢ mode

A median
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energy and comfort — winter

NZH in Stow
CO, concentration [ppm] living room
2400 " CO, concentration unusual high
2000
1600 = But during the measurement most
1200 . of the time untypical high
I
800 . . .
: occupation density (8 people
400 : :
X A relative humidity [%] present): far beyond thg d§5|gn
S parameters of the ventilation
0 10 20 30 40 50 60 70 80 90 100  gucpam,
CO, concentration [ppm] master bedroom
2400

" |nternal leakages in the ventilation

2000 system likely (but not quantified).

1600
1200
800
400
0 ! | | ‘ \ \

0 10 20 30 40 50 60 70 &80 90 100

relative humidity [%]
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energy and comfort — winter

NZH in Townsend — daily and weekly pattern

p;"(‘ggr W misc. " Average load pattern during
2000 oven heating season (Dec 2010, Jan, Feb
1600 DHW pump  2011).
1200 smokedet. ® \Water heating is not included.
800 _ mlivingroom ™ Space heating by far biggest load.
400 m fridge = Over a three months period, the
0 B minisplit fridge has a higher average load
00:00 06:00 12:00 than any other appliance.
consumption / generation [kWh]
3000 i circuit | averagekWh/d
2500 [ misc. minisplit 1st floor 22.7
2000 B HRV fridge 1.8
1500 = fridge living room 1.0
1000 master bedroom 1.0
500 - ® minisplit 2nd floor minisplit 2nd floor 0.8
0 M minispli 1st floor misc. 2.9
consumption generation total 30.2
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energy and comfort — winter

NZH in Townsend — daily and weekly pattern

F;gg;r[w] misc. = Example for one day:
€000 \ smokedet.  Monday, 01/24/2011: day with the
5000 DHW pump highest energy consumption in the
4000 N mfridge “living room” circuit.
3000 , ik 2 .
5000 B 4 | L 4 AN kitchen

0 B minisplit -17.1°C (1-3°F)

00:00 06:00 12:00 18:00 24:00
electricity [kWh]

50 Ccircuit | average kwhd

40 I minisplit 2nd minisplit 1st floor 22.7
30 M master bedroom fridge 1.8
. living room 1.0

20 M living room
. master bedroom 1.0
10 m fridge minisplit 2nd floor 0.8
0 B minisplit 1st misc. 2.9
Sun Mon Tue Wed Thu Fri total 30.2
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energy and comfort — winter

ASHRAE 55 - NZH in Townsend

relative humidity [%] living room
100
» The measured values for
80 temperature are outside of
60 -~ comfortable conditions
40 “,‘c'°°-5 (assuming a clothing rate of 1.0).
p \
20 LT v—i o\
0 indoor temperature [°C]
12 14 16 18 20 22 24 26 28 30
100
..... clo1.0
I
60 v "V e
3/ : .:". ‘\ '-"'. \\ lo0.5
40 \‘ “C ou.
.:.- \ \\
20 S N '

t——t e - o\
indoor temperature [°C]
I I I

0 [ T T I I T
12 14 16 18 20 22 24 26 28 30
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energy and comfort — winter

ASHRAE 55 - NZH in Townsend

relative humidity [%] + 6AM - 11PM
100

+ 11PM - 6AM
80

60

\‘clo 0.5

\
\

40

20 ER — \

— e )
indoor temperature [°C]
I I I |

0 [ I I I I I
12 14 16 18 20 22 24 26 28 30

relative humidity [%] master bedroom
100
..., Clo1.0
80 -_-‘ ..............
60 Py . .“-'-_.. ‘a\.;“,:-" - - ._‘
w VY \ clo0.5
40 . [ '
..'.: \ \‘
20 L ‘.\.._,"_-‘ - _\\
0 indoor temperature [°C]
[ I I [ [ I I I I |

12 14 16 18 20 22 24 26 28 30

= The measured values for
temperature are outside of
comfortable conditions (assuming a
clothing rate of clo 1.0).

= Nevertheless occupants accept
lower temperatures (space heating
system is not at its limit).
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energy and comfort — winter

Townsend

indoor temperature, living room [°C]
24
22
20
18
16
14
12
10 [ I T I [ I I 1

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00

indoor temperature, living room [°C] + mode

24 ‘ = Influence of space heating (and
4 median

22 occupants) is obvious at 6:00PM

20 and partly at 6:00AM.
18

16
14
12
10 \ \ \ \ \ | | !

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00

» Indoor temperature is significant
lower than in Stow, but stable.
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energy and comfort — winter

NZH in Townsend
CO, concentration [ppm]  + HRV manually on/off s HRV 24/7

2400 L ..
rogo Ving room * CO, concentration in the living
room is acceptable even with
1600 , ,
1500 manually switched mechanical
200 ventilation.
400 ® |n the bedroom concentrations are
0 relative humidity [%] too high.

0 10 20 30 40 50 60 70 80 90 100 : H h
= After switching the HRV to 24/7
CO, concentration [ppm]  + HRV manually onfoff s« HRV 24/7 . 8 /
2400 £ operation, CO, levels are

master bedroom o e . g
2000 significantly reduced.

1600
1200
800
400
0 ! | ‘ ‘ \ \

0 10 20 30 40 50 60 70 80 90 100

relative humidity [%]
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energy and comfort — winter

comparison of ductless split loads

minisplit power [W/m?]
14

12
10

ON B OV

Stow

: Iy
& 2 _.,,,7*!-.”..*., 3

. pre < o,‘ *3

7 . ‘lk'«,'-v "a

SO S5 O

24

-16

minisplit power [W/m?]

20
15
10

5

-8 0 8 16 24 32
ambient temperature [°C]
Townsend
‘.‘\._‘" ‘y‘}* ’
oA l' 7,“1..?&:‘.’,,‘,, . S
- M-\”ﬁ",:'?‘::' ‘h »
P P R e
-8 0 8 16 24 32

ambient temperature [°C]

» Correlation of ambient

temperatures and loads from the
ductless split (hourly mean values)
systems show a more reasonable
temperature — heat-loss correlation
in Stow.

Coldest Days are not the days with
the highest loads.

In Townsend the available power
seems to be limited — because the
second unit (on the second floor) is
hardly used.
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Energy for space heating remains dominating load, followed by DHW.

In a good insulated envelope single point heat source can be used without
comfort problems.

NZEHs are likely occupied by “aware” users

Mechanical ventilation is crucial in airtight buildings, but available solutions
need improvements.

Standby losses can sum up to a significant energy consumption.
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thank you!
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