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AIA Learning Objectives

• What is PER?  What is the background for PER? How it is different from and 
similar to Primary Energy (PE)? And why it is important for sustainable 
buildings?  What is the relationship of PER to Passive House? How does 
PER compare to Net Zero Energy buildings?
• Aspects of PER: 

a. Application of power: time of use, application (“load”), and climate; 
b. Characteristics of renewable energy supply: location, type, and time (hour, day, 
month, and season); and 
c. storing energy: hours, days, weeks, and seasonal. 

• Typical challenges of large buildings to meet PER limits. Suggested 
strategies pending further research.
• Recent adjustments and refinements of PER: A report from the 

International Passive House conference in Munich.
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PER – PHI’s Goal & Functional Definition
• Goal - A tool 

for designing the 
lowest emission 
buildings in a 
world 100% 
powered by 
renewable 
energy.

• PER –
Measures how 
efficiently we 
meet energy 
demands in the 
building with 
primary 
renewable 
energy.



PER – Physical Definition

Accounts for
• Difference between source (“primary”) and site (“final”) as PE did.
• Difference between primary and final energy due to storage loss.
• Difference between short-term and long-term (seasonal) energy storage loss.
• Variability of renewable energy over time (seasonal variation).
• Time of energy demand: daily (e.g., DHW) or seasonal 

(heating/cooling/dehumidification)
• Climate in which the building is located (affecting not just the time of energy 

demand, but also the mostly likely mix of RE sources in a 100% RE-powered 
world).

PER is Ratio of Primary Renewable Energy to
Final Renewable Energy Demand in Building



PER 
builds 
on PE



Primary Energy Renewable (PER)

Renewable energy
produced

Energy demand 
depending on useDirect use of energy or 

Energy storage © Passive House Institute 2014

Sustainability evaluation based on a future scenario in which only renewable energies are in operation.

Olympia, WA PER =
1.55 - electric space heating [PE 
was 1.8]
1.75 – gas heating (RE syngas) 
[PE was 1.1]
1.00 - electric space cooling 
[PE:1.1] 

1.25 - electric DHW [RE:1.8]
1.75 - gas DHW (RE syngas)  
[PE:1.1]
0.32 - solar thermal DHW 
[PE:0.0]



PHPP v9.6 –
PER sheet 
for Dr. Ebbel
& Feist’s 
Passivhaus
in Olympia 
climate



Watt’s the Point?  
Why is it important?
• Reduce peak loads on grid and RE storage, 

especially long-term storage.
• Two reasons:

• For society/biosphere
• For building owner/tenants



NW Single family home design guidance

• Space Heating (roughly ¼ - 1/3)
• Domestic hot water (roughly 1/3)
• Fans & Pumps (“auxiliary electricity”)
• Appliances, lighting, & plugs (roughly 1/2)



Caveat on Guidance: PER’s Limitations
• It is difficult to make predictions, especially about the future. (Danish proverb)

• Now we see things imperfectly, like puzzling reflections in a mirror, but then we will see everything with perfect clarity. 1 Corinthians 13:12

• PER measures thermodynamic efficiency; not economic efficiency.
• PER is a work in progress, and PHI continues to refine it. 

Portland General 
Electric 
Decarbonization
Study by Evolved 
Energy Research 
2/14/18



PER & NZEBuildings
Tomas O’Leary nails it 
January 5, 2015

© Passive House Academy 2015



Additional Resources - PER in Depth

• Dr. Wolfgang Feist, “Energy Concepts – Passive House in Comparison” [theoretical basis for PER]: 
https://www.erneuerbareenergien.de/files/smfiledata/2/4/0/6/9/9/17PHT_Plenum_SA_Feist_ak
tuell_en_forpublication.pdf

• Information from the Passive House Institute on its Passipedia site [NOTE: Do not use the 
Passipedia search tool as it may not find these articles.  Rather, use your own browser with the 
article title.]:

• “The PER Sustainability Assessment”: 
https://passipedia.org/certification/passive_house_categories/per

• “Passive House: The Next Decade”:
• https://passipedia.org/basics/passive_house_-

_assuring_a_sustainable_energy_supply/passive_house_the_next_decade
• “Methodology”:
• https://passipedia.org/basics/passive_house_-

_assuring_a_sustainable_energy_supply/passive_house_the_next_decade/methodology
• “Example: Overall Power Provision for a Passive House”: 

https://passipedia.org/basics/passive_house_-
_assuring_a_sustainable_energy_supply/passive_house_the_next_decade/example_-
_overall_power_provision_for_a_passive_house

• “Determining Application-Specific PER Factors”: https://passipedia.org/basics/passive_house_-
_assuring_a_sustainable_energy_supply/passive_house_the_next_decade/determining_applicati
on-specific_per_factors

https://www.erneuerbareenergien.de/files/smfiledata/2/4/0/6/9/9/17PHT_Plenum_SA_Feist_aktuell_en_forpublication.pdf
https://passipedia.org/certification/passive_house_categories/per
https://passipedia.org/basics/passive_house_-_assuring_a_sustainable_energy_supply/passive_house_the_next_decade
https://passipedia.org/basics/passive_house_-_assuring_a_sustainable_energy_supply/passive_house_the_next_decade/methodology
https://passipedia.org/basics/passive_house_-_assuring_a_sustainable_energy_supply/passive_house_the_next_decade/example_-_overall_power_provision_for_a_passive_house
https://passipedia.org/basics/passive_house_-_assuring_a_sustainable_energy_supply/passive_house_the_next_decade/determining_application-specific_per_factors


Additional Resources Passive House, PER, and NZEB

• Tomas O’Leary’s Passive House Academy blog: http://www.passivehouseacademy.com/index.php/news-blogs/tomas-blog/294-mind-the-
winter-gap

• Lloyd Alter in Treehugger, 2014 10 30, “Is a net-zero energy building really the right target?”: https://www.treehugger.com/green-
architecture/does-net-zero-energy-building-really-right-target.html

• Nick Grant’s “Is Net Zero the Right Target for Buildings?” http://www.elementalsolutions.co.uk/wp-content/uploads/2012/08/zero-carbon-
hannover-2012.pdf

• And presentation: http://www.elementalsolutions.co.uk/wp-content/uploads/2012/08/zero-carbon-ppt.pdf

• Elrond Burrell compares Passive House and various “Zero” goals: https://elrondburrell.com/?s=zero+carbon

• Zack Semke, “Bringing Passive House to Production Building” in Green Building Advisor (GBA) 2017: 
http://www.greenbuildingadvisor.com/blogs/dept/guest-blogs/bringing-passive-house-production-building

• Steve Nadel in GBA 2016 10 5, “Solar and Energy Efficiency Need to Work Together”: http://www.greenbuildingadvisor.com/blogs/dept/guest-
blogs/solar-and-energy-efficiency-need-work-together

• Scott Gibson in GBA, 2013 3 25, “Just How Big Should a Photovoltaic Array Be?”: http://www.greenbuildingadvisor.com/blogs/dept/qa-
spotlight/just-how-big-should-photovoltaic-array-be

• Mike Eliason in GBA, 2012 12 10, “Passivhaus versus Net-Zero Energy Buildings”: http://www.greenbuildingadvisor.com/blogs/dept/guest-
blogs/passivhaus-versus-net-zero-energy-buildings

• Martin Holladay in GBA 2011 1 7, “Net-Zero-Energy versus Passivhaus”: http://www.greenbuildingadvisor.com/blogs/dept/musings/net-zero-
energy-versus-passivhaus

• Martin Holladay in Fine Homebuilding, Jan 2018: “Reconsidering R-value Recommendations”: 
http://www.finehomebuilding.com/2017/11/13/reconsidering-r-value-recommendations

http://www.passivehouseacademy.com/index.php/news-blogs/tomas-blog/294-mind-the-winter-gap
https://www.treehugger.com/green-architecture/does-net-zero-energy-building-really-right-target.html
http://www.elementalsolutions.co.uk/wp-content/uploads/2012/08/zero-carbon-hannover-2012.pdf
http://www.elementalsolutions.co.uk/wp-content/uploads/2012/08/zero-carbon-ppt.pdf
https://elrondburrell.com/?s=zero+carbon
http://www.greenbuildingadvisor.com/blogs/dept/guest-blogs/bringing-passive-house-production-building
http://www.greenbuildingadvisor.com/blogs/dept/guest-blogs/solar-and-energy-efficiency-need-work-together
http://www.greenbuildingadvisor.com/blogs/dept/qa-spotlight/just-how-big-should-photovoltaic-array-be
http://www.greenbuildingadvisor.com/blogs/dept/guest-blogs/passivhaus-versus-net-zero-energy-buildings
http://www.greenbuildingadvisor.com/blogs/dept/musings/net-zero-energy-versus-passivhaus
http://www.finehomebuilding.com/2017/11/13/reconsidering-r-value-recommendations


Additional Resources - Relationship of Energy & Power in Buildings
• Graham Irwin, “The Future of California’s Energy Grid” in p. 128-9 of Passive House 

Buildings: California’s Energy Future (2016): http://lowcarbonproductions.net/phca-
2016-flipbook/index.html

• Graham Irwin, “Getting Real about Renewables: Passive House & the Future of Energy at 
PHnw 16: 
http://www.phnw.org/assets/Conference16/presentations/getting%20real%20about%20
renewables.pdf

• Graham Irwin, “The Dao of Tau: A Basis for a Simplified Passive House Standard” at PHnw
15: 
https://phnw.memberclicks.net/assets/Conference15Presentations/the%20dao%20of%2
0tau%20-%20graham%20irwin.pdf

• Kimball Rasmussen, “A Rational Look at Renewable Energy and the Implications of 
Intermittent Power” (2010): http://docs.wind-watch.org/Rational-Look-Renewables.pdf

• Michael Joos, Iain Staffell, “Short-term integration costs of variable renewable energy: 
Wind curtailment and balancing in Britain and Germany” (2018): 
https://www.sciencedirect.com/science/article/pii/S1364032118300091

• David Roberts in Vox magazine: “A Beginners Guide to the Debate over 100% Renewable 
Energy”: https://www.vox.com/energy-and-environment/2017/4/4/14942764/100-
renewable-energy-debate

http://lowcarbonproductions.net/phca-2016-flipbook/index.html
http://www.phnw.org/assets/Conference16/presentations/getting%20real%20about%20renewables.pdf
https://phnw.memberclicks.net/assets/Conference15Presentations/the%20dao%20of%20tau%20-%20graham%20irwin.pdf
http://docs.wind-watch.org/Rational-Look-Renewables.pdf
https://www.sciencedirect.com/science/article/pii/S1364032118300091
https://www.vox.com/energy-and-environment/2017/4/4/14942764/100-renewable-energy-debate


Additional Resources - Seasonal Renewable Energy Storage

•
• “Nitrogen-based Fuels: A Power-to-Fuel-to-Power Analysis”: 

https://doi.org/10.1002/anie.201510618
•
• ISTP, “Power to Ammonia”: http://www.ispt.eu/power-ammonia-

renewable-energy-co2-free-ammonia-chemical-feedstock-fuel/

https://doi.org/10.1002/anie.201510618
http://www.ispt.eu/power-ammonia-renewable-energy-co2-free-ammonia-chemical-feedstock-fuel/


Additional Resources - Renewable Energy 

• Solar Energy statistics: https://seia.org/solar-industry-data
• National Geographic RE map of USA: 

https://www.nationalgeographic.com/climate-change/carbon-free-power-
grid/index.html
• This is Advanced Energy by Advanced Energy Economy (2016): A free report 

that profiles 52 forms of renewable energy and technologies part of the 
energy future: https://info.aee.net/this-is-advanced-energy
• Energy, Climate Change & Environment: 2016 Insights by IEA (2016): A free 

report: 
https://www.iea.org/publications/freepublications/publication/energy-
climate-change-and-environment-2016-insights.html
• Portland General Electric’s 2018 Decarbonization study: 

https://www.evolved.energy/single-post/2018/02/23/Portland-General-
Electric-Decarbonization-Study
• Deep Decarbonization of the Electric Power Sector Insights from Recent 

Literature, Jenkins & Thernstrom, March 2017: 
http://innovationreform.org/wp-content/uploads/2017/03/EIRP-Deep-
Decarb-Lit-Review-Jenkins-Thernstrom-March-2017.pdf

https://seia.org/solar-industry-data
https://www.nationalgeographic.com/climate-change/carbon-free-power-grid/index.html
https://info.aee.net/this-is-advanced-energy
https://www.iea.org/publications/freepublications/publication/energy-climate-change-and-environment-2016-insights.html
https://www.evolved.energy/single-post/2018/02/23/Portland-General-Electric-Decarbonization-Study
http://innovationreform.org/wp-content/uploads/2017/03/EIRP-Deep-Decarb-Lit-Review-Jenkins-Thernstrom-March-2017.pdf


Additional Resources - Renewable Energy

• NRDC Annual Energy Reports: https://www.nrdc.org/resources/nrdcs-annual-
energy-reports
• US Building Energy statistics, USDOE EERE “Energy Efficiency in Residential and 

Commercial Buildings, August 2010: 
https://www.energy.gov/sites/prod/files/2013/11/f5/building_trends_2010.pdf
• And the same report in 2008: 

https://www1.eere.energy.gov/buildings/publications/pdfs/corporate/bt_statein
dustry.pdf
• Free articles on utility-scale RE developments (production, distribution, load 

management, regulation, and storage) through Utility Dive: 
https://www.utilitydive.com
• Free news about renewable energy and storage from GTM: 

https://www.greentechmedia.com
• More RE/storage industry news with reports by subscription or free samples and 

summaries from  Wood Mackenzie: https://www.woodmac.com
• (formerly gtmresearch: 

https://www.greentechmedia.com/research#gs.gU=AGgA)
•

https://www.nrdc.org/resources/nrdcs-annual-energy-reports
https://www.energy.gov/sites/prod/files/2013/11/f5/building_trends_2010.pdf
https://www1.eere.energy.gov/buildings/publications/pdfs/corporate/bt_stateindustry.pdf
https://www.utilitydive.com/
https://www.greentechmedia.com/
https://www.woodmac.com/
https://www.greentechmedia.com/research
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Lieferung an Langzeitspeicher
erneuerbare Erzeugung = Direktverbrauch
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Storage required for this Passive House
~ 780 kWh/a

Assumes: 41 m² PV + WindPER & NZEBuildings – seasons matter

© Passive House Institute 2014
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Now, assume 95 m² PV + Wind, but double the 
Passive House specific annual heating demand

Simply balancing primary energy demand and production does not eliminate the winter gap!
© Passive House Institute 2014



PER & NZEBuildings – present & trends



PER & NZEBuildings

• NZEB is a goal; not a design tool. 
• PER is a design tool; not a goal.
• PER helps us design buildings which use the least amount of energy, 

accounting for both different loads and the variability of some 
renewable energy.
• As such, PER helps us take the shortest path to the point where all 

buildings are 100% powered by renewable energy.
• NZEB is simply arithmetic equivalence of a building’s annual energy 

production and consumption without regard for the grid.



PER-factor
solar thermal

fPER= 1/1.73 = 0.58

Solar Thermal 
PER is calculated by comparison to a reference PV array of the same area. 

18 m² 18 m²

Solar thermal PV

buffer
vessel 2600 kWh

2025 kWh

fPER 1.35
(DHW)

1500 kWh

HP

4620 kWh
HSPF 3.1

PV + HP has higher yield* 1.73

© Passive House Institute 2014


