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Metric of the balance ngliggcgf Type of energy use ggﬁlg Renevg%?ilg: upply
Mith. v v v v v v
M;th. v v v v v v
M;th. v v v v v v
Mith. v v v v v v v v
Mgth. v v v v v v v v v
Mzth. v v v v 4 v
Msth. v v v v v v v v
M(;th. v v v v v v
M(;th. v v v v v v v
Mle(t)h. v v v v Not fully defined
Mleih. v v v v v 4
Mle;h. v v v v Not fully defined
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No. Of Unique Features
Method
Meth.1 Energy use embraces also the effort for on-site energy generation
Meth.2 Energy use embraces also the effort for on-site energy generation
Meth.3 Not defined
Energy use includes also energy for servers located on the building site not within the footprint and the
Meth.4 | energy use for treating domestic hot water
Meth 5 External renewable supply option
Meth.6 Net ZEB is only achievable in very special case. No monthly surplus generation can be credited.
Meth.7 Not defined
Meth.8 Indirect evaluation of the indoor climate-penal electricity for cooling if indoor temp. above v#°C
Meth.9 Application of rating based on the reference building
Meth.10 Fully neglected the renewable supply options topic.
Meth. 11 Special calculation method of embodied energy
Meth.12 Life cycle approach (simplified method) with main focus on embodied energy
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Option no.

ZEB supply-side options

Examples

0

On-site supply options
1

2

Off-site supply options
3

Reduce site energy use through low-
energy building technologies

Use renewable energy sources available
within the building’s footprint

Use renewable energy sources available
at the site

Use renewable energy sources available
off site to generate energy on site

Purchase off-site renewable energy
sources

Daylighting, high-efficiency HVAC
equipment, natural ventilation,
evaporative cooling, etc.

PV, solar hot water, and wind located
on the building

PV, solar hot water, low-impact hydro,
and wind located on-site, but not on the
building

Biomass, wood pellets, ethanol, or
biodiesel that can be imported from off
site, or waste streams from on-site
processes that can be used on-site to
generate electricity and heat
Utility-based wind, PV, emissions
credits, or other “green” purchasing
options. Hydroelectric is sometimes
considered
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l. Generation on
buildings footprint

Ill. On-site generation from off-site renewables
(Transportation of sources needed - biomass...)

IV. Off-site generation
(Investment in off-site technologies - windmill...)

V. Off-site supply

(purchase of ,green” energy - ,green power*...)
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Typical features of a R-2000 complaint house in Newfoundland

Walls absorptivity 0.4

Roof absorptivity 0.84

Heating temperature 21 °C

Doors Solid wood with effective RSI value = 0.39
Windows Double glazed with effective RSI value < 1
Walls Composite wood joist, R-28 insulation Effective RSI value 7.83
Foundation Slab on grade R - value = 2.34 RSI

Above grade annual heat loss 89%

Heat loss due to air change 11%

Space and water heating Electric

Covered area ~1700 ft*
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Expected performance if the wind energy system

Wind speed 5.96m/s  Wind speed 6.66 m/s Wind speed 7.25m/s

Annual energy production (kWh) 21765 27581 32248
Excess energy (kWh) 132 (0.6%) 2156 (7.8%) 6795 (21.1%)
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Unit | Climate data location
Latitude ‘N 32.9
Longitude ‘E 59.2
Elevation m 1,491
Heating design temperature °C —5.2
Cooling design temperature °C 36.6
Earth temperature amplitude | °C 25.7
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humidity | c pressure | speed | temperature
re days days
°C % kPa m/s °C °C-d °C-d
January 4.3 58.1 85.6 4.0 3.8 425 0
February 6.4 49.6 85.2 4.7 6.4 325 0
March 11.6 43.6 84.9 5.4 12.7 198 50
April 17.1 34.8 84.5 5.8 21.3 27 213
May 22.2 25.3 84.2 6.1 27.7 0 378
June 26.5 20.2 83.7 7.2 31.7 0 495
July 27.7 21.9 83.6 8.7 32.7 0 549
August 25.7 20.0 83.8 7.6 30.5 0 487
September 21.9 20.3 84.4 5.6 25.6 0 357
October 17.0 27.8 85.0 4.3 18.9 31 217
November 10.9 37.4 85.5 3.6 12.5 213 27
December 6.1 52.2 85.6 3.7 6.1 369 0
Annual 16.5 34.2 84.7 5.6 19.2 1,588 2,772
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Daily solar radiation -

Daily solar radiation -

Month horizontal tilted
kWh/mz2/d kWh/m2/d

January 2.75 3.96
February 3.56 4.49
March 4.47 5.03
April 5.56 5.59
May 6.78 6.22
June 7.64 6.67
July 7.72 6.87
August 7.08 6.88
September 6.14 6.78
October 4.72 6.04
November 3.25 4.66
December 2.67 4.05
Annual 5.20 5.61
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Daily solar Daily solar Daily solar Daily solar

radiation - radiation radiation radiation
horizontal 33° 18° 48°

Month kWh/m2/d kWh/m2/d kWh/m2/d kWh/m2/d
January 2.75 3.96 3.52 4.18
February 3.56 4.49 4.20 4.56
March 4.47 5.03 4.92 4.89
April 5.56 5.59 5.74 5.16
May 6.78 6.22 6.65 5.48
June 7.64 6.67 7.30 5.72
July 7.72 6.87 7.45 5.94
August 7.08 6.88 7.19 6.21
September 6.14 6.78 6.70 6.49
October 4,72 6.04 5.62 6.13
November 3.25 4.66 4.15 4.91
December 2.67 4.05 3.54 4.34
Annual 5.20 5.61 5.59 5.34
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Solar water heater
Type Glazed
Manufacturer Alternate Energy Technologies

Model Morning Star MSC-21E
Gross area per solar collector m2 2.00
Aperture area per solar collector m2 1.75
Fr (tau alpha) coefficient - 0.66
Fr UL coefficient (Wim2)/°C 6.37
Temperature coefficient for Fr UL (W/m2)/°C2 0.000

Number of collectors - 12
Solar collector area m2 23.99
Capacity kw 14.68

Miscellaneous losses % 2.0
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Balance of system & miscellaneous
Storage Yes
Storage capacity / solar collector area L/m2 100
Storage capacity L 2,097.6

Heat exchanger Yes

Heat exchanger efficiency % 80.0
Miscellaneous losses % 4.0
Pump power / solar collector area W/m2 8.00
Electricity rate IRR/KWh 2000

Summary

Electricity - pump MWh 0.4
Heating delivered MWh 15.8

Solar fraction % 52
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Financial parameters
General
Fuel cost escalation rate % 20
Project life yr 30
Finance
Debt ratio % 70
Debt IRR 113,400,000
Equity IRR 48,600,000
Debt interest rate % 7
Debt term yr 10
Debt payments IRR/yr 16,145,609
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Project costs and savings/income summary
Initial costs
Heating system 100.0% IRR 162,000,000
Balance of system & misc. 0.0% IRR 0
Total initial costs 100.0% IRR 162,000,000
Annual costs and debt payments
O&M IRR 0
Fuel cost - proposed case IRR 5,189,352
Debt payments - 10 yrs IRR 16,145,609
Total annual costs IRR 21,334,960
Annual savings and income
Fuel cost - base case IRR 9,962,740
GHG reduction income - 30 yrs IRR 148,379
CE production income - 30 yrs IRR 8,191,842
Total annual savings and income IRR 18,302,962

'Y



ﬁm @&t 4;‘)‘ :P)bv JAS

3Bl | e SIS

$BLys Wlse iz w5 o ye Se S Ol s sl lp gl age polie VAT Jgax o
Sz Yl o3y ale cunl (asein axiliz 090 (o cdmlice AVl SBl, sl 4l g AVl

Db oo Jb,

ol )l g2 SSaS as aYlw sl 3 14-F Jguo

Annual income
GHG reduction income
Net GHG reduction tCO,/yr 5
Net GHG reduction - 30 yrs tCO, 148
GHG reduction credit rate IRR/tCO, 30,000
GHG reduction income IRR 148,379
GHG reduction credit duration yr 30
Net GHG reduction - 30 yrs Litres gasoline 63640
GHG reduction credit escalation rate % 20
Clean Energy (CE) production income
CE production MWh 37
CE production credit rate IRR/KWh 220
CE production income IRR 8,191,842
CE production credit duration yr 30
CE production credit escalation rate % 10
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European Union Greenhouse Gas Emission Trading Scheme (EU ETS)
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Financial Viability
Simple payback yr 12.4
Equity payback yr 7.0
Net Present Value (NPV) IRR 8,252,540,360
Annual life cycle savings IRR/yr 275,084,679
Benefit-Cost (B-C) ratio - 170.81
Debt service coverage - 0.92
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Daily solar radiation - Daily sglar Electricity
Month horizontal radiation exporFed to
33° grid

kWh/m#/d kWh/m#/d MWh
January 2.75 4.71 0,522
February 3.56 5.29 0,523
March 4.47 6.26 0,670
April 5.56 7.00 0,707
May 6.78 8.55 0,870
June 7.64 9.47 0,912
July 7.72 9.87 0,974
August 7.08 9.82 0,974
September 6.14 8.99 0,876
October 4.72 7.92 0,819
November 3.25 5.63 0,585
December 2.67 4.86 0,535
Annual 5.20 7.38 8,966
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Photovoltaic

Type poly-Si
Power capacity kW 60
Manufacturer BP SOLAR
Maodel Poly-si-ac power wall
Efficiency % 10.4
Nominal operating cell temperature °C 45
Temperature coefficient % /°C 0.40
Solar collector area m?2 577
Miscellaneous losses % 2.0
Inverter
Efficiency % 920
Capacity kW 60
Summary
Capacity factor % 25.4
Electricity delivered to load MWh 124.613
Electricity exported to grid MWh 8.966
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Cumulative cash flow graph
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Financial parameters
General
Fuel cost escalation rate % 20
Project life yr 30
Finance
Debt ratio % 50
Debt IRR 1,350,000,000
Equity IRR 1,350,000, 000
Debt interest rate % 7
Debt term yr 10
Debt payments IRR/yr 192,209,629
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Project costs and savings/income summary
Initial costs
Power system 100.0% IRR 2,700,000,000
Balance of system & misc. 0.0% IRR 0
Total initial costs 100.0% IRR 2,700,000,000
Annual costs and debt payments
O&M IRR 0
Fuel cost - proposed case IRR 0
Debt payments - 10 yrs IRR 269,093,480
Total annual costs IRR 269,093,480
Annual savings and income
Fuel cost - base case IRR 249,226,000
Electricity export income IRR 17,932,315
GHG reduction income - 30 yrs IRR 2,150,357
Total annual savings and income IRR 269,308,672
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Annual income
Electricity export income
Electricity exported to grid MWh 9
Electricity export rate IRR/MWh 2,000,000
Electricity export income IRR 17,932,315
CE production MWh 125
CE production income IRR 249,226,000
CE production credit rate IRR/MWh 200,000
Electricity export escalation rate % 10
GHG reduction income
Net GHG reduction tCO,/yr 72
Net GHG reduction - 30 yrs tCO, 2,150
GHG reduction credit rate IRR/tCO, 30,000
GHG reduction income IRR 2,150,357
GHG reduction credit duration yr 30
Net GHG reduction - 30 yrs Litres gasoline 924210
GHG reduction credit escalation rate % 20
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European Union Greenhouse Gas Emission Trading Scheme (EU ETS)
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Financial Viability
Simple payback yr 10
Equity payback yr 4.5
Net Present Value (NPV) IRR 356,260,300,503
Annual life cycle savings IRR/yr 11,875,343,350
Benefit-Cost (B-C) ratio - 440.83
Debt service coverage - 1.19
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Month m/s | m/s
January 6.0 | 4.0
February 5.8 | 4.7

March 6.7 | 5.4
April 7.0 | 5.8
May 7.2 | 6.1
June 8.4 | 7.2
July 9.9 | 8.7

August 8.7 | 7.6

September 6.6 | 5.6
October 5.5 | 4.3
November 4.7 | 3.6
December 5.0 | 3.7
Annual 6.8 | 5.6
Measured at | m | 20.0 | 10.0
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Power kW

12.0

Power curve data
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Wind Turbine
Power capacity per turbine kw | 10
Manufacturer Endurance Wind Power
Model S-343-18.3m
Number of turbines - 1
Power capacity kW 10
Hub height m 20
Rotor diameter per turbine m 7
Swept area per turbine m?2 38
Shape factor - 2.0
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Unadjusted energy production MWh 23
Pressure coefficient - 0.836
Temperature coefficient - 0.995
Gross energy production MWh 19
Losses coefficient - 0.86
Specific yield kWh/m? 431
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Cumulative cash flow graph
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Financial viability

Simple payback yr 3.1

Equity payback yr 1.2
Net Present Value (NPV) IRR | 5,660,525,347
Annual life cycle savings IRR/yr| 188,684,178
Benefit-Cost (B-C) ratio - 189.68

Debt service coverage - 3.53

\FY



@l 1y ipylex Jub

3Bl | e SIS

olS slo—dy; 9 pinaass 65,5 Gl piw d by o Sl @l as)l an Jad cpl )0
00—y (i Jmad jo .l oui ploul RETScreen g Carrier s aw) o=l jo 7 ,-ae 133l

R WERY a\\9_~>4 .])l S > (5 D& o> 59 s 4 ) 34

>90 ml—5 51 &l

i



Ol lgiinn § (5 5 400 3oy Jud

3Bl | e SIS

C1lghin 9 (5 5 A Sy Juad

\Fo



Ol lgiinn § (5 5 400 3oy Jud

3Bl | e SIS

S5 A -0
ool S5 ol Gl ol asls (655 jae ezl G bl golaidl g 8 w0 4 Gudod (pl o
sl 9y 2 ok ale sbml L3 5l 6551 Brae al5 slo)Sal; G 5 ST Slaiges Glaila
59 Jsad sl JB0 les b do Jade o lals Al j5ige dialigr 7S pleg caad )35 o
2o (Caloog Bl L3 51 45) Goym bo)les )5 @le 5 (oS L QW ca¥l (ayge o5
o bl Lzl 5 o5l o Carmier JJ5sl a5 5l ool b Lo 3 od ooly olozsl (s,
el 00 Ao oSl (55,5 Bran slo ad g 1580 65 bl @ axg b ] (65,5 B rae g ol
Sl Jae sl 6,058 gy a5 RETScreen 158l o5 5l eolainl b cyleszbe cpl 5o (65,50 adei (sl p
P <l adg Ll 5l (o ol oad a8 8l 0 (6550 adgi by dw bl (o0 S (65l sla o3
oled b oty 958Ul sla Jsko 5 5p 0y Koo (o cunl (gaidyon slo (56,8 Ol lawgs (5 pan
Ol bgye Joaz 5 50 ablioe 0l (s Gayb 5l ok (351 5 B ads (6,500 9 Cewl Silidgens

9 ge alimdle el

VY5



Ol lgiinn § (5 5 400 3oy Jud

3Bl | e SIS

Wt ()59 48 gezee ledSbu 50 6551 B pan Bl e 85 )90 BloludlN-0 Jgux

e | 597 o e | 97 Wy0 w03 | anie (e
&5 S B pan by Cond > Sollad g5
kwh /year U (Jb, )l
- av-.¥ 5 - Ol sl lad 1o glos pudass
- YAADY 8 - Olias; sly lalas J3o gles oulass
- 8995 Y - o Jaio g g et
- - - ATARR lod 00y
145 52582 5 162000 PRERERC Y
0,5 11405 Y 7200 S SIL oWl eVl gas
7 5934 v 7500 b oy el b ol o
45 \Y¥F- - X 2700000 s 5,550 sle Jobos o
0,7 110522 20 Voror | Al yge dinten SRS pis o
v Voo VE Yeooon 53y ygF

Olitle 3 Brae 5 Sl 035 (6551 ho GliBle 4 Gauw; S (nl 0 Boe Al 4 4z g b
Seals Jlo jo cele Ol VYO & (g5l gy Slladl L aS el 00g Jlo o cels SlglKe VTP
Dlglld3  pln g0l Gmyg 5 SSesd lo Jgile bawgs s Bn ggerme 5 Zewl 03,5 g
i 4 8Ll 5,0 ol a5 wil oo pleiile Gy ods slile Jlo 5o el SlglEa VA oo wail o
Al he 655 palls Brae b pletsle So Ry 4 azg by ool il b Sl 0ad 35
5997 Jlo Ko G Brae Slgiee g Sl ol JU Bas cpl 4 (25559 dcgerme leiSle (3 B pas
ol ez il e Oglite oS ardd leitle 5 Grae o Ll adg 1 o] 5l iy oo
Olaislo l (Brae 0,8 ©f L 5 05 g0 ool iloyu o8 5 Giale)S ln o2 55 1 pleislo

Gl Bran 4 do) pl o 09 aegarme GleiSle il 0ol el (ganl 93 slo HeSIS lawgs

\FY




Ol lgiinn § (5 5 400 3oy Jud

3Bl | e SIS

i g (§ilw aige SlalBl b Glaisl (pl 55 Grae 5l ooy Fro bl 5 canl 00,50 oy cawd oo
S A g b 8 Gras Hha gl GlesSle aSl gl 1 el sl Al sl e sla 9SS

dbgs Ll BB 5 Slolgiing 098 o 550 yhe pleisla

Ololguiw ¥Y—0
ls 1,8 ka5 de sasl jo ) 55 9lge Glgi o 5B Brae o yao lp
S g ke adss gl Of Ll S L g (iole S i 6lp (g0ud 95 sla,gxSIS 5l oolawl )
Oleisl Glale)S ly (o) 525 ol ete b ()l ey jlosliial ¥
Syl adg pdiasasd aine Glais 45 008 S 5 oolaiul Y
CCHP Loy 5 &yl 5 30 lojed 0dgi plans 3l oolazl ¥
So 4 ek 35 Gpae sl leisle wilgd s olead 4 YU 5 )lee Sl plaST ya as cll SO LB
Cawd Bad ol a4 lg oo 09 ool 0098 Cansj 5l ST 0 50 jo aldlwS Lo 65,5 joo lezle

J....SLSAO.)L:L...»‘;;)JBAJBJLg‘ﬁwdbwwj‘ywuuﬂﬁysu s uj—"'@l-*

\FA



[1]

[2]

[3]

[4]

[5]
[6]

[7]
[8]

[9]

lo g glpe

L. Wang, J. Gwilliam, and P. Jones, "Case study of zero energy house design in UK,"
Energy and Buildings, vol. 41, pp. 1215-1222, 2009.

P. Hernandez and P. Kenny, "From net energy to zero energy buildings: defining life
cycle zero energy buildings (LC-ZEB)," Energy and Buildings 42, vol. 46, pp. 815-821,
2010.

S. M. Bambrook, A. B. Sproul, and D. Jacob, "Dsigne optimisition for a low energy

home in sydney," Energy and Buildings, vol. 43, pp. 1702-1711, 2011.

G. Leng, L. Dignard-Bailey, J. Bragagnolo, and G. Tamizhmani, "Overview of the
Worldwide Photovoltaic Industry,” 1996.

M. Ross and J. Royer, "Photovoltaics in Cold Climates," James and James Ltd, 1999.

R. Rangi, J. Templin, M. Carpentier, and D. Argue, "Canadian Wind Energy Technical
and Market Potential," 1992,

W. P. Monthly, "The Windicator-Operational Wind Power Capacity Worldwide," 2001.

D. Crawley, S. Pless, and P. Torcellini, "Getting to net zero," ASHRAE Journal 51, pp.
18-25, 20009.

"The Directive 2010/31/EU of the European Parliament and of the Council of 19 May
2010 on the energy performance of buildings,” Official Journal of the European Union,
2010.

[10] http://www.iea-shc.org/task40/index.html.

[11] A. J. Marszala, et al., "Zero Energy Building — A review of definitions and calculation

methodologies,” Energy and Buildings, pp. 971-979, 2011.

[12] http://www.usgbc.org/DisplayPage.aspx?CategorylD=19.

[13] http://www.breeam.org/.

1¥4



lo g glpe

[14] P. Torcellini, S. Pless, M. Deru, and D. Crawley, "Zero Energy Buildings: A Critical
Look at the Definition," ACEEE Summer Stud, Pacific Grove, California, USA, 2006.

[15] B. Vale and R. Vale, The New Autonomous House: Design and Planning for Sustain
ability. Thames & Hudson Ltd, 2002.

[16] S.kilkis, "A New Metric for Net-zero Carbon Buildings,” in Energy Sustainability

Conference, Long Beach, California, 2007.

[17] M. Noguchi, A. Athienitis, V. Delisle, J. Ayoub, and B. Berneche, "Net Zero Energy
Homes of the Future: A Case Study of the EcoTerraTM House in Canada,” in
Renewable Energy Congress, Glasgow, Scotland, July,2008.

[18] P. A. Torcellini and D. B. Crawley, "Understanding zero-energy buildings," ASHRAE
Journal 48, vol. 9, pp. 62-69, 2006.

[19] C. f. t. B. Environment, "Getting to Zero-energy Buildings,” in Centerline, USA, 2008.

[20] N. R. Center, "The Potential Impact of Zero Energy Homes," in NAHB Research Center,
Maryland, USA, 2006.

[21] G. A. Mertz, G. S. Raffio, and K. Kissock, "Cost Optimization of Net-zero Energy
House," in Energy Sustainability, California, USA, 2007.

[22] J.Laustsen, "Energy Efficiency Requirements in Building Codes," in Energy Efficiency
Policies for New Buildings, Paris, 2008.

[23] W.Gilijamse, "Zero-energy houses in the Netherlands,” in Building Simulation,
Madison, Wisconsin, USA, 1995.

[24] T. V. Esbensen and V. Korsgaard, "Dimensioning of the solar heating system in the zero

energy house in Denmark," Solar Energy, vol. 19, pp. 195-199, 1977.

[25] S. Rosta, R. Hurt, R. Boehm, and M. J. Hale, "Performance of a zero-energy house,"
Journal of Solar Energy Engineering Transactions of the ASME, vol. 130, pp. 0210061-
0210064, 2008.

VO



lo g glpe

[26] M.T.Eqgba, "A feasibility study of zero energy home in Newfoundland,” Renewable
Energy, pp. 277-289, 2004.

[27] "CEN, EN 15603:2008, Energy performance of buildings — overall energy use and
definition of energy rating," 2008.

[28] R. W. Besant, R. S. Dumont, and G. Schoenau, "The Saskatchewan conservation house:

some preliminary performance results,” Energy and Buildings, vol. 2, pp. 163-174, 1979.

[29] T. Saitoh, H. Matsuhashi, and T. Ono, "An energy-independent house combining solar
thermal and sky radiation energies," Solar Energy, vol. 35, pp. 541-547, 1985.

[30] A. J. Marszal, et al., "Net Zero Energy Buildings — Calculation Methodologies versus

National Building Codes," in EuroSun Conference, Graz, Austria, 2010.

[31] W.Stahl, K.Voss, and A.Goetzberger, "The self-sufficient solar house Freiburg," Solar
Energy, vol. 52, no. 1, pp. 111-125, 1994.

[32] K. Voss, A. Goetzberger, G. Bopp, A. Haberle, and H. Lehmberg, "The self sufficient
solar house in Freiburg — results of 3 years of operation,” Solar Energy, vol. 58, pp. 17-
23, 1996.

[33] P. Platell and D. A. Dudzik, "Zero Energy Houses Geoexchange, Solar CHP, and Low
Energy Building Approach,” in Energy Sustainability Conference, Long
Beach,California, 2007.

[34] J. Kramer, A. Krothapalli, and B. Greska, "The Off-grid Zero Emission Building," in
Energy Sustainability Conference, Long Beach, California, 2007.

[35] D. S. Paker, M. Thomas, and T. Merrigan, "On the Path to Zero Energy Homes," 2001.
[36] T. BOLIG+. http://www.boligplus.org/.

[37] "The Danish Ministry of Economic and Business Affairs Danish Enterprise and
Construction Authority," 2007.

[38] http://www.activehouse.info/.

VO



lo g glpe

[39] H. Lund, A. Marszal, and P. Heiselberg, "Zero Energy Buildings and Mismatch
Compensation Factors," Energy and Buildings, accepted for publication.

[40] "Office of Energy Efficiency homes. Energy efficient new housing/ R 2000".

[41] J. A. Duffie and W. A. Beckman, Solar Engineering of Thermal Processes, 2nd Edition.
John Wiley & Sons, 1991.

[42] J. E. Braun and J. C. Mitchell, "Solar Geometry for Fixed and Tracking Surfaces," Solar
Energy, vol. 31, pp. 439-444, 1983.

[43] D. L. Evans, "Simplifi ed Method for Predicting Photovoltaic Array Output," Solar
Energy, vol. 27, pp. 555-560, 1981.

[44] W. C. Swinbank, "Long-Wave Radiation from Clear Skies,” Quarterly J. Royal
Meteorological Soc, vol. 89, pp. 339-348, 1963.

[45] ASHRAE, Applications Handbook (SI) - Service Water Heating. 1791 Tullie Circle,
N.E., Atlanta, GA,30329, USA: American Society of Heating Refrigerating, and Air-
Conditioning Engineers, Inc., 1995.

[46] M. Chandrashekar and D. Thevenard, "Comparison of WATSUN 13.1 Simulations with
Solar Domestic Hot Water System Test Data from ORTECH/NSTF — Revised Report,"
1995.

[47] P. Hosatte, "Personal Communication,” 1998.

[48] H. Soltau, " Testing the Thermal Performance of Uncovered Solar Collectors,” Solar
Energy, vol. 49, pp. 263-272, 1992.

[49] NRCan, "ENERPOOL Program, Version 2.0," 1998.

[50] T. R. Hiester and W. T. Pennell, The Siting Handbook for Large Wind Energy Systems.
New York, NY, USA: WindBooks, 1981.

[51] P. Gipe, Wind Energy Comes of Age. New York, NY, USA: John Wiley & Sons, Inc.,
1995.

\OY



lo g glpe

[52] K. W. Li and A. P. Priddy, Power Plant System Design. New York, NY, USA: John
Wiley & Sons, Inc, 1985.

\OY



Abstract

The concept of Zero Energy Building (ZEB) has gained wide international
and is now seen as the future target for the design attention during last few years
in the national building of buildings. However, before being fully implemented
codes and international standards, the ZEB concept requires clear and consistent
definition and a commonly agreed energy calculation methodology. The most
new should be given special attention before developing a important issues that
(2) the balancing period, (3) definition are: (1) the metric of the balance, ZEB
of energy use included in the balance, (4) the type of energy balance, the type
(5) the accepted renewable energy supply options, (6) the connection to the
(7) the requirements for the energy efficiency, the infrastructure and energy
the building—grid and in case of gird connected ZEB for indoor climate
interaction. This paper focuses on the review of the most of the existing ZEB
and the various approaches towards possible ZEB calculation definitions
possible answers to the discusses methodologies. It presents and
abovementioned issues in order to facilitate the development of a consistent
definition and a robust energy calculation methodology. ZEB

Possible solutions for zero energy building design in Birjand are discussed in
this paper. Simulation software (Carrier and RETScreen) are employed in this
study, where Carrier simulations are applied to enable facade design studies
considering building materials, window sizes and orientations and RETScreen is
used for the investigation of the feasibility of zero energy houses with
renewable electricity, solar hot water system and energy efficient heating
systems under Birjand weather conditions. Various design methods are
compared and optimal design strategies for typical homes and energy systems
are provided.

Keywords: Zero Energy Building , Zero Emission Building , Net Zero Energy
Building ,ZEB definition ,Energy calculation methodologies
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