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What I shall discuss
• Major strategic issues
• Past work on energy-efficient buildings
• CO2 emissions from UK buildings

• Potential for efficient energy use & lower CO2 emissions
• What can high energy efficiency standards achieve?

• Worldwide case studies
• Energy supply after oil?

Major Strategic
Issues
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Source: M King Hubbert,
geologist with Royal
Dutch Shell, 1956
predictions.

Oil production & consumption in a historical context 1850-2200.
"The world has never faced a problem like this. Without massive mitigation
more than a decade before the fact, the problem will be pervasive and will not
be temporary. Previous energy transitions were gradual and evolutionary. Oil
peaking will be abrupt and revolutionary."

US Dept. of Energy, Hirsch report (March 2005).
See also www.oilendgame.com

Rising Atmospheric CO2

Sources of Greenhouse Gases
WORLD GREENHOUSE GAS EMISSIONS
NOTE: These figures are
subject to considerable
uncertainty. The percent
emissions attributed to
farming is set to be
reduced, given the finding
that methane uptake by
permanent grassland
typically offsets emissions
by the ruminants grazing it.

Energy 63%
Agriculture, excl land use changes 15%
Deforestation 11%
Industrial activity 7%
Waste disposal 4%

Past Work on
Energy-Efficient
Buildings

Applied Research on Energy-Efficient
Buildings in Other Countries
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Canada - the National Research Council (Div. of Bldg. Research)
issued design guidance on the correct use of air and vapour barriers
in 1960. The provincial government built the Saskatchewan
Conservation House in Regina in 1976.
USA, Sweden and Denmark - Pioneering experiments began after
the first oil crisis in 1973; e.g. “zero-energy house” in Lyngby,
Denmark 1975, then a project to monitor six superinsulated houses
in Hjortekaer, 1978. 1000s of “superinsulated” houses in USA by
early 1980s.
Interest in energy-efficient buildings grew rapidly in Germanspeaking world in the 1980s, culminating in “zero-energy” building
projects in Switzerland by 1990 plus parallel work in Germany and
Austria.
In all these initiatives, large buildings like blocks of flats, offices,
schools, hospitals and other non-domestic lagged behind small
buildings; e.g., custom-built detached houses.

Voluntary Higher Energy Efficiency Standards
1

Germany - Passivhaus Standard www.passiv.de

•

Began 1988 with discussions between Swedish and German experts followed in 1990 by
four pilot row houses in Darmstadt - monitored in detail until 1995;
Pioneered very high insulation and airtightness standards, first used in Sweden and
Canada in the 1970s; e.g., Saskatchewan Conservation House;
Used highly energy-efficient lighting, ventilation, electrical appliances and equipment;
80% overall reduction in energy use and CO2 emissions vs. the German dwelling stock.
Applied to non-domestic projects since 1998
All new building construction in Frankfurt must now meet the Passivhaus Standard

•
•
•
•
•
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Switzerland - 50% of new dwellings meet MINERGIE Standard,
www.minergie.ch, a record achievement for any standard in any country. Being
applied to refurbishment. Also MINERGIE-P - close to Passivhaus.
Austria - 8% of new dwellings meet the Passivhaus Standard.
USA - Energy Star nationally plus many programs at state, city or county level.
Canada - R-2000 Program, C-2000 Program, Factor Nine Standard, etc.
UK - many new buildings since 2005 meet AECB Silver Standard and some
meet Passivhaus and Gold Standards, see www.aecb.net.

CO2 Emissions
From UK
Buildings

Total Emissions from Energy Sector
UK CO2 EMISSIONS, 2003
Total from energy uses = 506 M t.
180

NOTE: Transport sector breakdown
is approx. as follows: Cars 40%,
HGVs & light vans 20%, trains 5%,
buses 5%, ships 5%, planes 25%.
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UK Energy Flows 2009

Source: Dept. of Energy and Climate
Change, June 2010.

The largest energy flows are oil for transport and gas for heating. 30% more heat is rejected
from gas, coal and nuclear power stations than the amount of gas used for heating buildings.

Potential for
More Efficient
Energy Use and
Lower CO2
Emissions

Space Heating
We can make major reductions in heat loss from buildings.

PEAK HEAT LOSS -
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Space and Water Heating
We can use heating systems with lower CO2 emissions than today’s UK norm.
1.2

kg CO2 equiv. per
kWh of heat

GHG Emissions of Various Space and
Water Heating Systems
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subject, this chart includes the combustion
CO2 emissions of biomass heating systems.
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Typical Windows In Low-Energy Buildings
U-value down to 1.1 W/m2K

U-value down to 0.7 W/m2K

Passive Solar
We can design new buildings to obtain more of their space heating needs from
“free” passive solar gains. Greater scope in the UK or Ireland than on the continent,
owing to our long heating season and cool summers. Pay attention to available
thermal capacity and in extremis provide summer-only solar shading.
kWh per year

6000
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SPACE HEATING ENERGY USE:
Passive Solar House

4000

Above – very low thermal capacity;
i.e., pure timber-frame.
Below – very high thermal capacity;
i.e., dense masonry and concrete.

3000
2000
1000

For a 250 m2 detached house to the
Passivhaus Standard. Initially,
Canadian simulations using climate
data for Vancouver, later repeated
using PHPP and UK weather data.
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South-facing glazing as percentage of floor area

Water Heating
We can dramatically reduce heat losses from the distribution pipes, as
well as the storage tank.

Lighting
•The UK uses more electricity for fluorescent lighting, mainly in nondomestic buildings, than it uses for incandescent lighting, mainly in
domestic buildings.
•Non-domestic buildings use more light per unit floor area than dwellings,
despite dwellings being used a great deal in the evenings and nights and
offices, libraries and schools mainly being used in daytime hours.
•The main priorities would be to improve the efficiency of non-domestic
lighting, followed by improving the efficiency of domestic lighting by
replacing incandescent and halogen lamps by compact fluorescent lamps
(CFLs), T5 tubes and, in the future, light emitting diodes (LEDs).
•The present luminous efficacy of warm white LEDs is 45 lumens/watt
(lm/W). They do not yet match the efficacy of some CFLs with good colour
rendering, which are 60-70 lm/W, or T5 tubes, which are 95-105 lm/W.
Some LEDs also give too cold a light for indoor use in northern Europe and
there are health concerns over the short-wavelength blue light which they
emit.

Fluorescent Lighting
Between 1975 and 2005, the electricity consumption of a new “best practice”
fluorescent lighting system, as typified by lighting in offices, hospitals, schools and
libraries, fell by 82%. Not much of this potential has yet been implemented.
Relative

Electricity Consumption of a New "Best
Practice" Fluorescent Lighting System
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NOTE: Scale corresponds to approx. 25 W/m 2 per 300 lux in
1975, 5.5 W/m 2 per 300 lux by 2005 or 5 W/m 2 by 2010..
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Energy-Efficient ‘Cold’ Appliances
Below left - energy-efficient 259 litre larder refrigerator, USA, 76 kWh/yr. Plus optional external condenser. Old
UK models use 500 kWh/yr. Saves 85%.
Below right - A++ 195 litre chest freezer, Europe, 113 kWh/yr. Old UK models use 700 kWh/yr. Saves 84%.
Results of US test at 32oC and 21oC are interpolated linearly to calculate consumption in a CEN test at 25 oC.

Pictures courtesy www.liebherr.com and www.sunfrost.com

What Can High
Energy Efficiency
Standards
Achieve?

Abating Climate Change at a Profit?

Source: Study by McKinsey and Co. (2009).
https://solutions.mckinsey.com/climatedesk/default/enus/Files/wp211154643/ImpactOfTheFinancialCrisisOnCarbonEconomics_GHGcos
tcurveV2.1.pdf

Impact of Effective Energy Performance
Standards on Energy Consumption
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Impact of Effective Energy Performance
Standards on CO2 Emissions
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Impact of Energy Performance Standards
on Non-Domestic Building Energy Use
RELATIVE ENERGY CONSUMPTION
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Impact of Energy Performance Standards
on Non-Domestic Building CO2 Emissions
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Worldwide
Case Studies

Rocky Mountain Institute Headquarters
Old Snowmass, Colorado, USA (built 1983, photovoltaics
added 1992). Rural area, no mains energy services except
electricity.
Single-storey 400 m2
passive solar house
and office building
with superinsulated
roof, walls, floor and
windows. No backup
space heating; small
amount of LPG is
used as backup to
solar water heating
and for cooking. Most
energy usage is
electricity for office
equipment. “”Zero net
energy” since 1992.
Photograph
courtesy RMI.

Dumont House
Saskatoon, Saskatchewan,
Canada (built 1992). Suburban plot near city centre.
Photographs courtesy Dr
Rob Dumont, formerly of
Saskatchewan Research
Council.

North façade

Measured Energy Use South façade
from 1993-2005:
Electricity 40 kWh/m2yr.
Heat Loss
5 kW at -40oC outside for a 400
m2 house; each floor including
the basement is 130 m2.
Air Leakage
0.5 ac/h @ 50 Pa.
Insulation
8 tonnes of cellulose fibre.

The Elizabeth Fry Building UEA campus, Norwich 1994
3,500 m2 of floorspace on four floors, footprint ~14x62 m. Peak space heat
demand 18 W/m2. Has three 24 kW domestic wall-hung condensing boilers, but
the third proved unnecessary. No refrigerative cooling needed, only automated
summer night ventilation using the hollow-core concrete floors. Highest score
ever in PROBE user survey. Large lectures in basement, seminar rooms and
offices on other floors. Measured gas usage 25-30 kWh/m2yr since 1996-97.
Photographs courtesy John Miller and Partners.

The first School to the Passivhaus Standard
Waldshut, Germany (designed 2000-01, finished 2003).
Photograph courtesy
Passivhaus Institut

An Office Block to the MINERGIE-P Standard
Campus of EMPA, Duebendorf, Switzerland (2004-05).
Floor Area. 8,000 m2 on six floors.
Orientation. Due to site limitations the building’s axis is elongated north-south.
Measured Energy Use 2005-07. Electricity 22 kWh/m2yr plus hot water 2-3 kWh/m2yr
from site district heating system. Primary energy 65 kWh/m2yr. Embodied energy
120,000 MWh.
Cooling. None needed. Automatic, computer-controlled solar shading with toughened
glass blinds.
Concrete frame, in situ conc. floors and roof and lightweight external wall elements
Photographs courtesy EMPA

Energy Showcase Project
Rural site with no mains services except electricity, north-west Herefordshire

The project will produce all its energy from
solar, mainly passive gains, an experimental
solar water heating system and roofintegrated photovoltaics. Cooking will use
biofuels. Includes residential and office
floorspace. In situ concrete with mainly
cellulose fibre insulation .

A Near-Passivhaus Retrofit in Hereford
Victorian cottage, 5 mins. walk from city centre

Re-slating the roof on top of the new insulation

The Pines Gardens Calyx
St. Margaret’s Bay, east Kent (built 2005-06).

400 m2 visitor and
conference centre.

Externally-insulated rammed chalk walls, in situ conc. floors and frame

Courtesy: St.
Margaret’s
Bay Trust

What Do The Foregoing Case
Studies Have in Common?
•5-50 times more draughtproof than new UK buildings.

•Long axis elongated east-west where the site allows. Design
aims to create a building which is intrinsically warm in winter,
cool in summer and naturally-lit.
•Typically 2-10 times more thermal insulation than local Building
Codes require.
•Mechanically-ventilated in winter, often in summer too.

•Out of eight high-performance buildings, only three have any
photovoltaic cells or solar water heating. But they reduced, or will
reduce, energy and CO2 by 70-95+%.
•Low-carbon but not necessarily zero-carbon. The main priorities
are less glamorous than “ZC”.

Energy Supply
After Oil?

Renewable Energy
Not a straightforward replacement for storable fossil fuels. Low-cost and firm
supplies are not very abundant. Biomass fuels and hydro supply over 10% of
world energy use, which is more than nuclear fission. But not all biofuel output
is sustainable or low-CO2 and large hydro sites are scarce.
“Newer” renewables, including wind, CSP, PV, wave, etc, have a capital
intensity ten to 100 times higher than the fossil fuel systems which industrial
societies were built on. Note, the world market price of fossil fuels is not
closely related to their production cost.
Some building-integrated renewables which form part of the fabric; e.g.,
passive solar building design, daylighting design of offices or schools, are a
high economic priority. These should be incorporated at design stage where
possible.
No government incentives yet for lower-cost renewables or for increased
DHW tank or pipe insulation, or for energy-efficient retrofits or new
construction to above Building Regulations. UK grant aid is often directed at
the least cost-effective options.

CHP and Elec. Heat Pumps
Pictures courtesy
www.logstor.com,
www.pipesystems.com
www.isoplus.de and
John Cantor Heat
Pumps Ltd.

Bottom left - Danish heat transmission line
Centre - PEX twin pipe
Top right - Italian geothermal DH

Bottom right – Welsh heat pump, evaporator
coil in ground.

Large-Scale Solar Collectors?

1996 - 10,000 m2 of
ground-mounted
solar collectors and
16,000 m3 of
seasonal heat
storage helps to
heat the small
coastal town of
Marstal, Denmark.
Large collectors
produce heat at
one-fifth the cost of
heat from collectors
on house roofs and
are being widely
connected to
Danish district
heating systems.
Pictures courtesy Leon
Holm

2002 - To increase the solar fraction for the district heating system, the
solar collector area was raised to 18,000 m2. 2010-11 - Further money
has been raised and another 10,000 m2 of collectors will be added.

More Solar
Collectors,
Denmark

Top - 8,000 m2 of groundmounted solar collectors
help to heat the small town
of Strandby, Jutland.
Bottom right - solar
collector field being craned
into place.

Pictures courtesy
http://www.solarthermalworld
.org/node/766

Solar Collectors, Sweden
10,000 m2 of solar collectors were retrofitted to the district heating system of
Kungalv, 20 km north of Gothenburg in 2001. There is 1,000 m3 of buffer heat
storage. Biomass and oil are also used. The supply temperature is 70oC in
summer and in mild mid-season weather, rising to 90oC on severely cold days.
The return temperature is 40oC, year-round. At an annuity factor of 0.08, the
solar heat input costs 3 p/kWh, lower than biomass or oil heat-only plant.
Courtesy: Kungalv Energi AB

Biomethane
CHP,
Germany
The picture shows a gas
production and storage
system, not the CHP plant
Picture courtesy
http://www.farmworldonline.com/general/meggi
egermanyblog.asp

Energy Scenarios
for the EU-27
“Vision 2050”
Courtesy http://www.inforse.org
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